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| “IN AD TRIAL LOAD ARCH. DAM 


AND W. S. MERRILL, MEMBERS, AM. Soc. 


Synopsis 


the Ariel 
‘mee Electric Development, and the construction methods used in building 


it; but the following four points are emphasized prinefpally : 


1 —Ti he design of the arch dam, and the effect of the cement content and — 


the manner and “speed of construction on its thickness and the resulting 


proportioning concrete to secure strength with» 


3.—The amount of heat generated in the concrete mass during ting and 


it was dissipated with time; and, 


radial and tangential deflections of the arch, 
one 


It is shown that the amount of heat ‘generated in mass on 


calculated closely s that the ¢ construction. ‘methods and schedule can be { 


arranged accordingly. nece necessary the cooling can be accelerated without 


al 
harm to the conerete. Iti s also | shown that the concrete in the interior ofa 
mass, where the s setting heat i is greatest, is oa strong as, or stronger than, that 


hearer the surface. There is is a satisfactory agreement between the actual 
“and the calculated radial and tangential deflections. 


The Ariel Hydro- is on the north fork of Lewis 
River, at Ariel, Wash., about 25 miles north of Portland, Ore. The location 
is clearly indicated in Fig. ‘The “initial” installation n consists” of one” 


’ = 000-kw unit under a static head, with the reservoir full, of 185 ft. ‘The 7 


Nore.—Discussion on this paper will be closed in September, Proceedings. 
‘Engrs. Electric Bond and Share Co., New Terk,  * 
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DEFLECTIONS AND ‘TEMPERATURES IN 


rel 


the arch pot portion of the « prety The arch dam a a maximum height of 318 ft 


and contains approximately 200 by Fig. vd of concrete. general view of 
_4 


R 


ort 


R. 


. comparatively brief description of ‘the development. is given to provide 
a background for - proper u understanding of the more detailed data which 


“to show how the quantity of cement. used governed the setting heat of ot 
; concrete and how this, together with the fast construction . schedule, influenced | 

the construction 1 methods adopted. — Consideration is also given to the pro- 

‘portioning of the concrete and to the special tests made to determine the e 


strength of concrete taken from dam itself 4-in. diamond- 
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The principal emy — of the paper, r, however, is g given to (1) a considera- J) 
tion of the amount of heat generated by the setting | concrete and to the 


methods used to help dissipate this heat in some of the more rapidly con- ee. 


structed blocks; and (2). the deflection of the e arch as measured at t twenty- Fo 
one d different hese measured deflections | are with 

Previous to the final layout of the dam F| 
“amount of diamond drilling was done in the river bed and on either bank to gi 

- determine the | character and tightness of the rock and the - depth of ‘the 2 rock | Sn: 
below v the water surface in the river. The g greater part of the drilling w was done © sai; 
‘on Tines at right angles to the river and about 100 ft apart. / With the the begin- | oes 


ining of the detailed location and design of of the dam and power house further 
drilling w was done in the river bed and on on either | bank to determine the exact ad 
shape of the rock under the ‘structure. Close ‘determination | of the depth, 
width, and shape of. the river bed was essential | on 1 account o of ‘the necessity 
of the river, ‘removing 190 000 cu yd of and gravel, pre las 
paring the foundations, and building the conerete dam up toa ‘point above 
~ normal tail- -water in the low-water. period of four months between June 15 
October 15, 1930. Actual “unwatering and excavation 0: of this deep h 
- showed | that the. shape and depth determined by the drilling were extremely 
close. Fig. 3 shows this deep hole unwatered and being excavated. 
Beyond the extreme north end d of the dam it was s found that the rock 
7 dropped about 100 ft below the surface. This Sia area is believed to have Tg 
= part of the bed of the Lewis Piver during a former glacial period. ah 
It is now filled with sand, gravel, boulders , and clay. ‘ The location of bed- 
= Tock i in this section was determined partly by ‘diamond drilling 2 and partly by 
electrical prospecting methods. Further investigation | of the area by pits 
me tunnels, and tests of the material for \ water- tightness , indicated that it 


make a satisfactory dam. oA low “dike across this area was sufficient 


—t 


= 


4 While the ‘Site was not entirely ideal £ for an arch dam, because of i its ¥ 


irregular shape and the low elevation of the rock | on ‘the x north bank, it was 
sufficiently to justify an arch across the river on the basis of quantity a 
= material and cost. The exact | location and - layout of the different. ; parts of Bi 


the dam, dition the. arch, 1 was decided upon after a considerable number & 


of comparative studies had been made and the diamond drilling b had indicated § 
= position selected | to be the most economical one. The presence of solid a 
layout shown by Fig. 4. The exact location, _ shape, and layout of the spill: B 

way were determined by very complete tests of a ‘model in the hydraulic 


rock near ‘the surface on the north bank of the river suggested the spillway de 
of the Carnegie Institute of Pa. 
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oy in a manner that t allows: a good “get-away’ ” and a a minimum interference with 


ot solid rock on the north bank of the river extended to a height sufficient si 
to support only a part of the north end of the arch. The top 140 ft of the 
“eal therefore, is supported by a -thrust- block, "5 ft long, this, in turn, being 
backed up by the 211 ft of massive spillway | section — of dam as shown by 


Fig. 4... The thrust- -block ‘itself is designed ‘to take the entire thrust, shear, 
y and twist of the arch above the rock. It is a massive section built in two 


"parts with the construction joint: grouted just previous to filling the reservoir, 


The overflow section of dam beyond the thrust-block i is of the usual ogee type 
—F piers that support five Taintor gates, 30 ft high. Fo our of the gates are 


39 ft long, with the fifth one 10 ft long, the latter to be used for minor regu- | wl 
lation of flow. The overflow dam “was built sections with all the joints 

_ grouted, as in the ease of the thrust-block. The non- -overflow section of the Cl 
dam was built at an angle to the remainder | so as to fit the rock to best pom 
ction This’ ‘section was not grouted, but . it, as well a as the overflow and ™ 

_thrust- block sections, was provided \ with copper seals at the up- “stream side of 
the. vertical construction joints and with sheet metal cut- offs at ‘the horizontal Om 
days’ work joints. The percolation of water through the concrete was further te 

"prevented by providing 4-in. “square, vertical holes through the concrete at 


intervals near the up up- -stream face. These holes ‘connect with the top of the a 
Inspection gallery and were made by building . 4- -in. “squares of Celotex into F 
4 


o the eonerete as it was carried ‘up and | then n wetting and removing the Celotex 


4 to. form the openings. . Horizontal ro rows of half tiles between the vertical 


= 


“ openings were placed on each day’ ’s work joint to catch any leakage and take 
artical hole 
a ‘= Details of the grouting, keyways, joints, — seals, for both the gravity 
arch sections, are shown by Fig. The drain holes i in ‘Fig. 5(a) are 30 
bs ft deep and a are ‘spaced on on 20-ft centers in such a way as as to alternate with 
the the grout holes. | latter were driven from: 25 to 50 ft and were spaced 
on 10-ft centers, slanted ingard at the bottom as shown. In Fig. 5(d), it is 
_ to be noted that the bedding planes are horizontal from the up-stream face to 
the half- -way point, where they to ‘slope upward, the 


7 


7 


g The arch dam was designed by the “¢trial- Joad” method which assumes the ; vo. 
total water load to be divided | between the cantilever and elements in la 
a way that the deflections of the » two. systems of elements are equal at Ber, 


all points. This method of design involves, considerable work, but it allows 
the stresses to be determined at many ‘points in. the dam as is desired, 
this number being limited by the time and money allowed. — This method has 


* been used d by the United States Bureau of “Reclamation in designing and 
- checking several important arched | gravity dams. lt permits making allow- 
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concrete temperatures, up- -stream deflection of the dam ¥ when the reservoir is 
7 empty, and other miscellaneous factors, as well as moment, transverse shear, 
and thrust in both the arch a and cantilever elements, which are usually con- 


nt sidered. No allowance was ‘made for ‘the effect of water- -soaking 0 of the co 

he _erete at the up-stream face of the dam, for Poisson’s ratio, or “for probable 

ag ‘reduction i in maximum stresses due to ‘0 the flow of concrete. 

v0 

P 2-in. Wrought Iron 4 Lead 


nat 3-in. Wroug 
d Face Center to Center — 
Drain Box Continuous 


Connec 
tal “tion chin Strip. 
We 
lectrical Outlet Box 
at Coupling 6 O0"Centerto Center | - 

Wrought Iron Pipe every 5'O"Vertically Halt Tile Drain Covered by Cement Bags 
Half Way between Lifts Wetted, or Strip Canvas 
nto PLAN OF GROUTING SYSTEM byt 
,_KEYWAYS IN GRAVITY SECTIONS 

ace 


Arch | 
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Variable 


_ Upstream Face 
of Concrete wi 


KEYWAYS IN ARCH DAM 


_ ‘The following. assumptions were made: (1) Weight of concrete, 145 Ib per 
cu ft; (2) weight of water, 62.5 Ib per cu ft; (3) maximum ‘elevation of 1 reser- ai 
voir, 240 ft; (4). minimum tail- -water, ‘elevation, ft; modulus of 
elasticity of rock, 4000 000 lb per sq in.; (6) modulus. of elasticity of con- 
‘erete, 2000 000 Ib per. sq in.; (7 of elasticity of concrete i in shear, 
96 000 000 Ib per sq in.; (8) maximum allowable vertical or horizontal | com-— 


Pressive stress of concrete, 600 II lb ‘per in. ; ; (9) maximum allowable tensile Py 


stress of concrete in arch elements, 100, Ib p per sq in.; (10) the uplift pressure 
at the base of the arch section varies. reservoir ‘pressure | at the 
“up ‘stream side to zero or tail-water pressure, at the down- stream side (these ti 


Pressures to ‘be applied to one-half the horizontal area of the base) 3 404). 
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the slots have dent: closed exceed the following: 


( 
= (7) w wes to compensate for the non-linear distvtvation 


shear, calculations being made basis of straight- line distribution 
the 1 thickness of the dam. Referring to Assumption (9), crack- 
ing was assumed to take place whe rever the existence of tension in the 


cantilever elements we was indicated by the computations, so that the entire load 


— One of the | governing factors in the design of the arch dam was the com- 

paratively short construction period adopted. ith the first. work of camp 

and road construction started on November 1, 1929, the first concrete was 

placed in the gravity section of of the dam on April 22, 1930, in the ‘arch 

n June 11, 1930. The river ‘was diverted | ‘through the on June 25, 


10 The arch dam was complete, ‘including slot-filling, on April 1 18, 1931. 


Approximately 200 000 eu yd of conerete were placed in the arch during this 


time. This, in itself, was not an unusually difficult s schedule. . The limiting 


factor was the necessity of unwatering the river, 
iat 125 ft below natural river ‘surface, preparing the foundation, and build- 
ing the concrete arch up about 135 ft in the period between June 25 and 
about October 15 , when the fall bs expected. Failure to ‘meet 
_ - this requirement might | have delayed the operation of the plant a year. a 


— s The first concrete was placed | on the river bottom on September 13, 1930, 
- _ and continued on a 24- hour basis until October 1 when Elevation 60 was 


--reached. The largest volume of concrete placed in any one day was 2-234 
eu yd on September 25. ~ During the month of October 54 460 cu eu yd of con- 
 erete were placed. ‘During the months of July, August, September, 


October, the total was 181 000 cu yd. It will be seen, therefore, that although 
the schedule as a whole was not unusually fast more than half the total con- 


-erete in the dam and power house was placed during « a four- -month period. y 


hs At the beginning of the design work information was secured as to the 
“quantity of cement used in several _— and Government gravity and arch. 


dams and the resulting temperatures. Difficulty was soon” ‘encountered in 
- determining an adequate ‘design f for the arch on 6 wom of the limited time 
available to dissipate the setting heat of the concrete. It ‘was found that 
thickening the cross-section to reduce the load stresses increased: (1) The 


setting heat; (2) the temperature drop to be taken care of in the design; 


and (3), the temperature stresses produced the arch. The increases in 
8 tensile stress produced at the extrados at at the abutments | and at the intrados 
at the crown, due to the increased temperature drop, w were especially undesir- 
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able. 


‘inally, it was to adopt the block construction instead 


aa of the grouted- -joint construction in order to dissipate the setting heat in a 
tha limited time available. ‘The allowance for the temperature drop with this 
its ; ‘method of construction is indicated i in the t tabulation under Assumption (12). 
~— Division into comparatively short blocks, with 2-ft slots between (see Figs. 2 


 — and 3), permitted the development of an economical and rational design which | 


not be subject to ‘© unreasonably high secondary stresses. 
The ‘is divided into blocks” approximately 30 ft long (see Fig. 6), 

except in in that portion behind the power house where the penstocks come 
-_ through, where the blocks have a length of about 40 ft at the up-stream face 


of the dam. The openings, or slots, between blocks, were kept as short as 


on 
| ossible for two, reasons: First, to keep to oa the ‘quantity of con- 
“sai  erete that would | have to be placed rapidly at the very end of the job; and, — - 
a ond, to minimize the heat generation that would come from + this volume 7 
of new concrete. The slots adopted were just sufficient to allow proper 
=. handling of the wr forms and also to allow for the pope placing 0 of the final 


The stresses in the arch rings were computed at forty. five different points 


as 
at five different elevations. At each elevation the. stresses were determined 
the crown and abutments and at three points: between. The stresses finally 


Fis computed in the arch rings, adjusted for the effects of tangential shear and 


31. 
i } twist, are shown by Table 1. The stresses finally computed in the cantilever 
ai f elements, adjusted for the effects of tangential shear and twist, are shown 
PP by Table 2. The stresses are shown for both. the up- -stream and down-stream — 
a faces of the dam i in both the vertical and inclined directions. In several cases. 
alt Be ‘the cantilever section is indicated as having a crack extending a considerable 
distance i in from the up- stream face. in those cases” the compression is com- 
a puted | as 2 zero ro at the end of the crack, the total | compression being taken & 
30, _ the remainder « of the section. Tt will be seen from Tables 1. and 2 that | the 
stress in the arches is considerably less than 600 Ib per sq in. 
34 every case, case, with one ‘point showing a maximum of 560 lb per sq. in, The 
Oot 
stresses in the dam oceur in the the elements, the 600- Ib 
maximum stress m 
nd being exceeded slightly in two 


na Bi _* The arch dam ext pia between t the rock abutments on either side of the 
river with the 1 up- -stream radius varying - from 397 ft at the top | to 247 ft at 


he Elevation 40, 40. _ The angle between the ends of the arches varies between 108° 
at the top ory 80° at normal tail- -water at Elevation | 50. The plan and 
maximum section of the arch are shown in Figs. 6 and 7. It will be noted — 
a ‘that the maximum length of the arch at the top is 728 ft, the maximum — 
- height, 313.4 ft, and the e maximum thickness, 93 ft. . Although the arch is 
- & vertical at the > up- ition side at its deepest part it does overhang about 5 ft 
pod 3 near the abutments. — Fig. 6(a) also shows the four main p penstocks, ‘the house — 
wi ‘unit penstock, and the location of the various slots. The lines shown for the 

grad their intersection 1 with the outside faces of the concrete, In 


ase the slots extended radially throx 
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ack extending 13 ft from the face. _ 


00+0r 


» 


-734 


| 


—B Lock NUMBERING 


Magnetic 
Variation = 22°- 


Numerals in parenthesis denote points at which crack occurred and at which stress is zero; thus, (13) denotes a cr 


iim 
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This resulted in curiously warped openings in which the concrete sometimes | 


_ overhung for several feet. - The end of each block was built with approxi- 


“mately half its area depressed for : a depth of 6 in. ‘by means of wooden forms 


4 ft 6 in. long. These depressions provided a bond between the old 
— 150-ton Cr Crane 
>< 
H 


ag width Normal bond | - 


Elev. 224.0 Elev. 235.0 


Auxiliary 


Ground Generator 
Wir Space pot kw -56250 kva 
220 kv 
Unit | 
Butterfly Vaive 


Joint, 


Oil Pressure 


{ Center Line 
bal Penstock 


ae ve lev. 32.0, Original River Bed 
77'11}" 
Turbine 55000 hp at 
170-ft Head - 120 rpm 


Ss Skewbacks of Arches Spanning 
= «Guti in Rock Formation under 
i. Units No. 2 and No. 3 


Outline of Excavation £ 


7.—Secrion THroven Dam AND House. re 


and the new concrete when the were filled, and minimized _the possibility 


leakage through | the joints. No vertical seals were used in these joints. 


as it was believed that the corrugated construction and the fact that the arch | 


would be under compression | would | if any leakage. The details 
— From the extreme bottom part of ‘the arch at Elevation — 73.4 to Eleva- 
— 30, the concrete was placed monolithically because of the - comparative 
“narrowness: of 1 the neem, From Elevation - — 30 to Elevation Oo the concrete 
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DEFL ECTIONS: 


was built four blocks 
joints were provided with a piping system for grouting, the piping | being | 
placed horizontally at each 5-ft elevation and opening into electrical conduit _ 
boxes placed against the old concrete at intervals of 4 ft 6 in. on the face of 
each block. ~ Above Elevation 0 the arch was built in blocks with the 2-ft >. 
. slots between, except for Blocks 20, 21, and 22 (Fig. 6), which were left low 
through the winter of 1930-31 for the purpose of passing excess flood-waters 
that could not be handled by the diversion tunnel. These blocks were finally 
built with only construction joints between them. _ These joints also were pro- 
vided with a- piping system for ¢ grouting after they had been cooled. fang 
The foundation of the arch was thoroughly grouted at the up- -stream ima ‘tone 7 


by means of diamond drill holes extending 20 to 50 ft into the rock on 10-ft © 
centers. This grouting, as well as the grouting of the joints, noted previously, | 
“was done just before filling the reservoir, on May 13, 1931. — The top of the 
arch ¢ on the down-stream side has a simple. curved cornice for architectural | 
the ft considerable: concrete by building only 
wall 
at the stream is copper seals at each” joint, while the a’ 


m- stream wall: has asphalt strips | in the construction joints to allow for 


Construction MetHops anp M ATERIALS 


For the purpose of building the arch dam and power house, the river bed | 


"was unwatered by means of rock- _ timber cribs built on the river gravel 
— below these structures. The total volume of material removed 
was 190000 cu yd » 40 ( 000 cu yd of this being taken out before the river was 
“unwatered, by means of derricks on the river banks. Some of the gravel 
removed. from the river bed at the dam was used for concrete aggregate. 
_ The main gravel deposit i in the bar below the lower coffer-dam was removed | 
‘ from the river by means of buckets on two slack-line cableways covering the 
entire area involved These eableways dumped into a hopper on the north 


bank. ‘The was carried a belt conveyor to the se and 


in 


All was! aalivered in bulk to the twelve 


- from the plant. ‘It was hauled to the plant by trucks having specially con- 
structed 50- Nhl. bodies provided with compressed-air jets” for loosening the — 
cement during unloading. It was found, however, that the use of air was 


At the job these trucks entered a cement shed and dumped _ 


cement directly into storage | bins. From the storage bins, the cement was 
to the top of the concrete mixing plant by a belt ‘conveyor. 


The san the two sizes of concrete aggregate were taken from the 


Sit piles to the top of the concrete mixing plant separately by a | belt con-— 


Each size of ‘aggregate and the cement were accurately 


separately and then discharged into 2- yd mixers for 23 min of mixing. Lo 


am sami was as discharged into 2- yd bottom- dump buckets on small industrial 
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but mo ostly by Each a of the was built u up with 
_ the whirley located on an adjacent block. ‘The work was carried from 


> 


« ft long. This length ws was short. enough so that the chords” closely 

approached the circular: arcs on which the dam was laid forms 
a placed in proper position by measurements from a base circle on which 

there 1 were two transit points in each block. ‘Six angle and distance measure- 
$y ments: from each of the two points were sufficient to determine the location 
the forms accurately. The necessary angles ‘and distances for each 10- 
.|—h6/a were prepared in tabular form, the distances being: scaled from a 


L a @ 


the scaling of the distances from 


ConorETE PROPORTIONING AND Srrenora 


sand and coarse aggregate were secured partly from the excavation in 


avel bar about 4 mile down 
stream. The of well rounded particles of andesite and 


wal 


mined from a considerable : number of samples removed after some months, 


2 


de it was proportioned by weight, a as follows: lifes 


past cement .. 


(2.4 parts sand, 0 in. to te in 


| 
Material weights 


“Cement, 752 Ib 


6 parte cobbles, in. to 4 in... Cobbles, 8 450 | Ib 


block about two days after its completion. The whirleys and derricks spotted — 
the concrete buckets accurately over the place where the concrete was finally 


: - to rest. Almost no rehandling of the concrete was necessary or allowed. east: 
arch blocks were built with unlined wooden forms, 10 ft. high by 


3 each end and at two levels, the whirleys n moving on to the newly ‘completed — 


large scale plan of the dam and the angles computed therefrom. Experience 
ina the design of a previous arch dam in which all distances and angles were 
- ealculated and then checked by measurement from the drawing ‘indicated that 
a the drawing and the calculation of the 


y basalt lava, most of the rock being - dense and heavy, but some of it being | 
somewhat vesicular. The vesicular Tock and pumice were largely 
: in the washing and screening process. The specific gravity of the sand aver- 
7 "aged 2.47 and that of the coarse aggregate, 2.38. The aggregate as a whole 
an absorption value of 8.9% in 24. hr. With: the exception of being 


_ slighty light in weight the ‘aggregate wa was sound and entirely suitable for 
ail The weight of saturated concrete in place in the dam, as deter- 


- The concrete in the dam had a nominal mix of 1: 24:5. To a pane maximum 


Sand, 1900Ib 
0 parts pebbles, ts in. to 14 ... Pebbles, 1 450 


pad 
complete control. of the conerete mixture and its and Placing in 
dl the dam. Int addit , they were responsible for the proper preparation of the 
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— ‘surfaces on which new concrete was to be placed and or the proper 


“the conerete itself were done in accordance with A. T. M. [standard 
in ‘a modest but well equipped | testing laboratory at the dam. A total of 
379 831 bbl of cement were delivered | to the job in bulk and its acceptable 
- quality was determined by a total of 1 969 tests. The physical characteristics 


of the aggregate and the | concrete from it are given in ‘Table 3. These 
= 


"Temperature Max .Test represents. 


Wei 
wats 


tained 


100 | 267 


Sieve No. | Sand Gravel | Gravel 
Fine |Coarse| | 

qui! ‘Sand Gravel | Gravel | Final 


104 2 
% Moisture . 


2:96 | 7.08 | 8.67 | 6:78 


_ | Relative Consistency. . 
Slump 


— 

28 day... » Lbs. per sq inch.. 
Comp. Str. 

_Lbs. _ per sq inch . . 


Rem 


— 
TABLE 3.—Typicat Test Report ON CoNcRETE AND AGGREGATE iil 
t 506 Cu. Yds. Concrete 3 
n 48 | 18 | 23.6) 90.4) | 12 | 35 | 35 | | 9 | 27 | 97 
39 7.8] 98.2] % | 13 | 38 | 73 | 1 | 8] 10 
n 100.0] No.4] | 27 | 100 | No.4] .... | | 
— 
g 
8, 10 | 100 | 100 | 76 
4 100 | 100° 7B 
| 28da | 60da = 
1660 | 2810 | 310 
re _3530 | 3750 
—- 
in 
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hundred | and fifty- three 6 by 12-in. test cylinders were made during 


construction of the dam and tested for compressive strength, in the 
at various ages. The average: of the various cylinders at 


the compressive strength of was ‘about 2 800 lb per sq in., 
at 28 days, and 3 750 Ib per sq in., at 180 days. 


ength in Thousands o 


| 


en 


Compressive Str 


q 


8.—TE ST CYLINDERS—AVERAGE ComPREssIvE STRENGTH. 


4 

i a long time there has been a question a as to whether 

- obtained from laboratory tests of concrete cylinders are representative of of the 

the concrete in place in a structure. determine this pc point 


.S the Ariel Dam six holes were drilled into i it at different locations, angles, 


and depth means of a diamond drill using ‘special barrel which 

| recovered 3}4-in. cores, 5 ft long. A total drilling of 253 ft gave 243 ft 8 in, 
ie of core available for testing. _ This core was cut into 258 cylinders 8 in. long. 

the remainder was used for determining moisture ‘content: and weight. 


The location of six holes i is. shown by Fig. Some 


8 


E Resistance 
: Thermometers 
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‘DEFLECTIONS: AND AN ARCH DAM 
of these holes were drilled at an angle with the horizontal so as to cut across” 
& the days’ work joints t to determine the bonding of the old and new enna 


- The high percentage of core recovery indicates the excellent quality of the a 


concrete; many cores were obtained the full length of the core barrel cy ft), - 


and considerable difficulty was encountered § at times in breaking off the core. 


- joints. ae hese joints could be identified in only a few places and then only 


when different brands of cement were used. Fig. 10 shows the weight and 


Compressive Strength in Ib per sq in. 


Weight of Concrete in — 
Ib per cu 


< 


10. |.—COMPRESSIVE ANE WEIGHT OF DIAMON ND Core. 


of the presence of large cobbles in n the cores the individual ¢ ‘tate showed « con- 


siderable variation in compressive strength it is believed that larger cores 


would have given even higher strengths. A comparison of the time- e-strength, 
eg relation of the standard 6 by 12- in. test cylinders and the 4 by 8-in. cores is 


shown by Fig. 11. The number of concrete cylinders tested at six months or 


‘earlier i is ‘shown, for each ous on the curves, in Table 4. The core specimens aa 


TABLE 4.—-N UMBER OF CONCRETE Cy.inpers AVERAGED Various” 


t N 
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were tested at ages greater th than : nine months. In Fig. 10 the number beside 

the triangle shows the core hole (Fig. 8) from which the point is taken. — 
"4 While the results indicate that the average strength of some of the cores is 
less than might be expected from the | curve -_exterpolated beyond 180 days it 
believed that were irregularities are are explainable by the presence of of 
ss "The resistance thermometers embedded in the concrete, close to these hm 
= showed temperatures ine the concrete around the holes as great as 61.9°C 
(144° F), : and a temperature of 50° C (122° F) was com common. To test the 
accuracy of the resistance thermometers, ‘mereury thermometers were placed 
in the diamond drill holes in Blocks 17 and 32 Fig. 11). 


‘Extrapolated 
Cores aa 


w 


£ 
a 
2 
= 
x= 
2 
a” 
2 
2 
a 


Fig. 11.—CoMPARATIVE OF Test CYLINDERS AND CORES. 
the readings" of these thermometers showed a ‘a variation of 0.9° C to to +38.0° 


This difference can be explained by the fact that the v various ; resistance the: 
“mometers were from 4 to 15 ft away from the hole and as there was a 


i 
marked temperature: gradient it in n the concrete sloping toward the e hole there 


Hole 6, Block 32, at varying distances fala the face of the concrete and for 
o-getekwl several months from the time the concrete was placed. The 


the interior of the dam. On the is 
3 evident that concrete 9 to 12 months old imoreased: in n strength fr from the sur- 
- face inward and also from the foundations upward. — At and near the founda- 


tions lower temperatures | prevailed in the concrete to the cooling effect 
Bees of the rock. — These results seem to be well corroborated not only by Fig. 10, 


but by the of the tests of the cores from all the holes. 


process of obtaining the diamond drill cores they became 


thoroughly wet that the moisture content of the concrete in place in the edam 
could not be determined from these core specimens with 
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However, : an excellent opportunity to check the moistare content of the con- 


| 


crete was afforded i in the summer of 1930 when a section of inspection tunnel 
: 10 ft long wa was ; cut through old concrete near the base of the thrust-block by 


the and-feather method. This concrete would not absorb additional 


nls 


"HOLE 6 BLOCK 32 


an 


Temperature in Degrees Centigrade 


Air Temperature by 


“moisture, ‘while, the loss of moisture upon oven- vial was the same as for ; 


cores. Tests for moisture content, made on samples taken from other 
parts of the dam, showed the same saturated moisture condition. ‘The: con- 


ba crete.in this dam was saturated to within 2 or 3 ft of the exterior surfaces 


which had been exposed for 8 to 12 months. 
_ The arena? weight of the concrete, as determined from the cores, was 


147.5 lb see cu ft. as & came from the dam saturated with water and 188 “4 4 


and means a real saving or waste of m because weight will 
influence the cross- of a dam In ‘securing cores: from ‘concrete dams it 


effect of ‘the large pieces of aggregate. If in. cores 
, should be recovered to approximate the diameter of the standard test cylinders. 


‘Heatine or CoNCRETE AND EFFECT ON Desian or Dam 
«It is well known that a mass 3 of concrete, in in setting, Produces considerable 
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strength of concrete is varied. One of the principal items governing the § [a 
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quantity of heat produced is the 
which it has been ground. In the cease of the arch ~~ at Aviel th the original 
"specifications and designs called for 1.2 bbl of cement per yd. T est cylinders | 
made from: the ¢ ‘cement and aggregate to be used in the arch indicated that 
1 bbl of coment per yd would be sufficient. In view of the rapid construction 
schedule adopted the possibility of limiting the temperature r rise by using 
‘cement ground coarser than usual was considered, but it was recognized t that . 
this, would result in a loss of strength. ‘The u use of cement ‘ground to the 
customary degree of fineness and limited to . 1 bbl per 3 yd was ; decided ‘upon. 
; therefore a as the most feasible s scheme. . Another feature governing the maxi- 
mum temperature which the setting ¢ concrete may attain is the temperature | 


vat which the conerete_ mass: itself is s placed. Al low temperature is 


Reference has been the for drop in 


after the closing of the arch. Aside from any harmful effect 


Bsa: high temperatures might have on the quality ‘and strength of the concrete 


it was desirable to limit the temperature rise order to have the ne con- 


= cooled down to the ultimate annual ‘mean temperature as quickly as 


= 
“possible | so so that the arch could be closed at an early date. It was evident 
the design p period that the maximum temperatures could not be brought 


down to the proper point for closing on | schedule if the arch were built i in the a 


‘usual ‘manner with only construction joints between adjacent blocks of con- 


-erete, Consequently, « a method was s adopted whereby it. was built in n blocks 


being separated from ‘the adjacent block by a a 9. ft o open n slot. To ‘determine 
- : the value of cooling p pipes, two of the blocks, ‘namely, 27 and 31, on the south 
side of the river were built with vertical pipes extending their full height, 


through which water was pumped to assist in cooling t conerete. 


would radiated from uncooled and, (c) the rate at which 
internal heat would be ‘radiated or removed by water from artificially 


provided with vertical pipes See circulating water. was | desirable 
to have a ‘complete 5 picture of the maximum temperatures in the e¢ concrete and 
_ the rate of temperature drop in _ order to check the assumptions made in the 


== a design, and, therefore, to furnish reliable information for future designs of 
similar character. effectiveness | of. the cooling facilities in these two 


three blocks of ‘the: arch. was necessary to ‘keep these three blocks 
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until late i in the spring of 1930 in help pass” possible large 


It was known that it would be necessary to build all three of them u up rapidly 
it was. absolutely essential to reduce their internal temperature a as much 


as possible i in not more than two months’ time. 


Beginning v with 1 the placing « of concrete i in the arch i in June, 1930, tempera- | 
ture readings were initiated in the thrust-block, and in a considerable number ~~ 
of the arch blocks. _ For this | purpose resistance thermometers were embedded 

in the concrete and the leads were connected in. groups to convenient terminal 

_ boards. . Out of a total of 289 thermometers embedded all but 34 were in per- 
4 - fect working order at the time the arch was closed in April, 1931, and prac- 
tically all of them were still in n working order on March 1, 1932. Several o: of 

them were checked against mercury thermometers and the “readings 

found to. agree within an average of 1° 0. 7 In computing the temperatures. a 


from the readings of the resistance thermometers allowance was made for - 
the resistance of the leads as well as as for the resistance of the connection to the | 


Two ‘methods “a placing the thermometers in in a 
_ Were used. The first, shown i in Fig. , 13(a), was to place them in three parallel 
lines up stream down | stream across the block. instruments on the 
middle one. ‘of these three lines. were placed on either of the center 
the block. This method brought only two instruments ‘near the center of the 
block, but provided good ‘arrangement for securing temperatures after 


the slots were filled. The second method 13(b)), was to place one 


"1G. 13.—Loc ATION OF RESISTANCE ‘THERMoMETERS IN BLock 


set of fall lls on a line’ extending up stream and down stream to the 
_ center of th the block with another Tow at right angles to ee 


of the dam. 


corner, of ‘the block about 5 


Was ‘sufficient to overcome the deficiencies of either arrangement and to allow 


rise e against the "However, the number ‘of thermometers used 
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it from either face. This arrangement was 
a 


consistent records to be obtained. Table’ shows in blocks and at 


yi elevations the resistance thermometers were placed. It also shows in what 


TABLE or THE 


Elevation of | Cooling Ap dant 


210—160-120. Slots ve Elevation 100; tw elve| Rapid construction; raised 1 130 
Slot 25-26-32. .  §-in. cored holes ftin23days 
210-150-110. ..| Twenty 5-in. cored holes; ten| Rapid construction; raised ue 
carried totop . ftinl4days | 
210-150-100*. Twelve 5-in. cored holes; and Rapid construction; raised 182 
| tion-73.7 to Elevation 240 


ah alt 7 ; 
Ve ery effective 
220-190-160. . . in. The first test heck 


Ne 


It has been pointed out already that schedule 
pted for building the Ariel Dam required unusual steps to be taken 
order that the arch be closed without having temperatures appreciably 

higher than those adopted for the design. The ¢ greater part of the required | 

cooling was accomplished by limiting the cement to 1 per yd by 
building the arch in blocks 30 ft long, with 2-ft ‘slots between. . The influence — 


the slots was variable, depending upon the elevation. Toward the top of 


_ the arch where the thickness was only about 20 ft the additional area at the | 


_ ends of the blocks was smaller than the areas of the up-stream and down-— 


a 5 stream sides of the arch block. At lower elevations, where the e arch attained | 
a thickness of 60 ft, or. more, ‘the additional area was much med than that 


of the 2 two. up- “stream and down-stream faces of the 30-ft bloe ks. In the the upper 


“thin part of the arch the additional not 80 so “much needed. At the 


im 4\ ‘i 


Blocks 20, 21, and 22 (Fig. 6), which were left low through the fall and ‘ 
winter of 1930-31 to act as an emergency flood spillway, were | raised one ata 


- time as rapidly as possible. : For example, Block 20 was raised 130 ft in 23 
days; Block 21 was raised 142 ft in 14 days; and, Block 22 was raised 152 ft in 


Tt was (cna in advance that this would be the construction procedure, 


i 
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a e the cooling facilities required in these three critical blocks. Vertical 5-in. ee 
_ cored holes were adopted. These holes were made by means of a 5-in., hollow, | 
rubber conduit form which was raised at intervals as the ‘concrete came up. 


May, 1 all 


10; pane to Elevation 180, pony remaining two to the top of the block. : 
_ These > pipes were located in 1 three rows of two each. The two pipes were 10 ft 
a apart and the rows of pipes « about 9 ft apart. > The temperature records from 7 

Blocks 27 and 81 through which water was circulated continuously, gave — 

information as to what could be e accomplished by this method of cooling, using 
openings of different sizes and ig. 14 shows one of the rubber 


pletely filled the vertical openings through the blocks, and escaped through | 
‘overflows ¢ so that the heat 1 was entirely removed by thermal conductivity with- 


"quantity of water into» on holes and a or » It 
was thought : at the time that this method would not be as effective as the one 


adopted and would be more difficult to regulate properly. “ed 


- To determine the rate of heat transfer from the concrete to the water in the 


cooling openings the circulation was shut off in one of the blocks 


_ the temperature at different depths in the hole was read by a series of resist- 
ance thermometers « over an 1 interval of time. | 


ATURES IN AN ARCH DAM 
| ‘ch, was built with one 12 
a the left side of the through it continuously. 4 
31, well up on th ater was eixoulate ‘x 10-in — 
Block ter, and water was ith six 1 1n. 
up the cen river, was eq 
cooling r the left bank of the river, 
Block 27, nea — 
— 
ecrease 1n the rate of temp 
re was a notable 
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ig. 1. | shows | the arrangement of the 12-in. cooling pipe in Block 31, and Fi ig. 
—— 16, the temperature measurements made on three different: dates. With 
: = flowing in in the ‘cooling 7 pipe at its normal 1 rate, temperatures of the water 
a were measured at the locations of the four resistance thermometers (Fig. 15). 
‘Then, with the water ——- off (no overflow) time- temperature ‘readings 1 were 


Four Resistance Thermometers. 
20,0'+4+ 20.0'+++ 18.0 


Due to Lag in Resistance 


ie 


Fig. 15.— 


MENT OF 12-INC 
| COOLING PIPE IN” 


to ‘the time- temperature curve at the time water stopped 


flowing through the cooling | pipe gives a means of determining the rate of heat 


Bed from the concrete to the cooling pipe; that is, tangents: to the three 
curves (Fig. 16) at the point of origin show the rate at which the temperature 
the water ‘rises. will be noticed that there was. a marked decrease 


Be: rate for readings taken subsequent to October 8. ‘This was due, no doubt, 


to the fact that: the block had cooled off considerably by the : time the last. 
readings were taken on December 6. _ Tests similar to this one were made in 


_ the other cooling holes and, froma the data thus obtained, a | diagram was made 
. oe to show the amount of heat removed, in kilogram- calories per hour per foot 


of hole. hese results are shown by Fig. _ 
The readings obtained were not strictly comparable as the cooling holes 
passed through concrete of different ages so that the temperature gradients 
to the holes were not the same. Allowance has been made for these variables, 
however, so that t the curves probably represent the rate of cooling that could 


be expected from the number and sizes of | openings ; shown when ‘used i in a 


manner similar to that at Ariel Dam. It will be noted that the larger pipes ; 


removed ‘considerably more heat than the smaller ones for the same difference 

‘temperature between the cooling. water and the maximum temperature of 
— result of these Block with 20 was built with twelve 
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only extended to the top), and Block 29 with wie 5-in. holes. It will 
_ recalled that these — the blocks to be built last and that they were rai raised 

120 to 152 ft in 14 to 23 days. . The actual ‘reduction in the t temperature of 


the  conerete, cire water the openings the 


iL 
ao 35 
a4 
we 
™2 40 
Bas 30 
Sox 
|° 
S 58 20 
2 
s = 
& 53 
| 


4 


te Days after Cooling Water is Turned On 


1G. OF Herat REMOVAL BY COOLING w ATER, 


Referring to Tie 19(a): Block 21 contained twenty 5- -in, cored cooling 
“holes and was built without slots ; Block 27 contained six 10- 0-in. cooling pipes; 
Block | 25 had a slot (on one side only), at Elevation +5; at Elevation 
i 40, Block 25 had no ‘slots, b but is confined between rock walls; Block 32, 
at ; Elevation 100, is affected ed by its y its proximity to the foundation rock; ; and all 

Referring to Fig. 19(b): Block 31 contained one 12-in. cooling pipe at the 
“ena ; Block 27 ‘contained | six 10-in. cooling pipes; and Block 21 contained | 
_ twenty 5 5-in. cored holes, and. was placed pene eee 20 and 22 without 


Referring to Fig. 19(c): Block 27 contained two 10 10-4 in. pipes, and 


ae e In addition to the artificial cooling of a . few of the blocks by circulating 
water through ‘them, all surfaces of the arch, as well as those of the remainder 


the dam, were sprinkled continuously with water. Evaporation of ‘this 


, water assisted somewhat in the removal of heat from the concrete and, toa 
large extent, prevented ‘surface checking and -eracking. 
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a blocks are recorded « on seventy drawings which were kept up to date from the 
time » the earliest thermometers were » placed and readings began in May, 1930. 


Block 27 Elev.100 


The “temperatures in the the pe also i in the a arch 


Rises are due to Filling - Non-Cooled Blocks 
25 the Slots in All Cooled Blocks 


nN 


(a) ELEVATIONS 
 —40 TO 110 


i J 


oo 


Break Due to a 2-Week Delay 
; with only 10 ft of Concrete 
over the Thermometers 


Centigrade Average Temperature in Degrees Centigrade 


Block 32 
Elev. 130 


Block 32 32 | Block 31 
Elev.160 | Elev.160 


erature in Degrees 
8 w 


mp 


ge Te 
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(b) ELEVATIONS] ~~~ 


Avera, 


Centigrade 


> 


Rises are due to Filling 
the Slots 


ees 


e in Degr 
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erature in | 


Temperat 


ELEVATIONS 
TO 220 
Sept. Oct. 


Fie. 19 EMPERATURES IN VARIOUS Buocks. 


‘It is ‘not feasible to present all these records is 
necessary as the e results | are very ‘similar for the different blocks | so Lal 
typical examples ‘wal convey the necessary information. 


‘om The 289 electrical resistance ‘thermometers previously “mentioned were 


placed i in the thrust- -block and in nine of the arch blocks. This put an average © 
of ee nine thermometers into a block, located | in n three to six : horizontal — 
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the dam and ‘readings were begun about August 1 , 1930. Another set 
of thermometers » was placed i in Block 31 which was built. with the on one 12-in. : 
cooling hole. The readings from thermometers: this block began on 


at five different in 32 near the south of 


in. pipes were placed, and repdings were begun on November 12, 
ae 1930. — ‘Thermometers were placed i in the lower part of Block 25 and readings 


: were begun on September 15, 1930. In Block 26, thermometers were paced 


a eS at five different elevations, and readings were begun on November 20, 1930. 7 
; In each of Blocks 20, 21, and 22, 1 which were built with the 5 -in, _ cored holes 
for” artificial | cooling, three sets of thermometers were placed at different 
ty elevations, and readings v were begun i in the « early —_ of February and March, 
ecords: of the conerete temperatures in the - uncooled Block 25 are given 

Fig. 20, which shows the temperatures” at Elevation 90, from August 

‘i 1930, to March 1, 1932. * This example i is typical of the results obtained i in the 


uncooled blocks. No readings were possible on Thermometers 40, 41, and 43, 
probably henause of broken ‘The positions of the thermometers are 


| in Fig. 13(q). Blerations 100 artical 


| in The fos this block are of the results 
in n Blocks 20 and (21 ‘which were also built up corey, at approximately the 
same time, and were also artificially cooled. BY 
The temperature data obtained from the readings in all. 


blocks have been used to compute the ‘ “average” ’ temperature of each block at 


each elevation where thermometers were placed. + These “average” tempera- 
- tures, extending : from the time readings were begun i in each ci case until Novem- F 

ber 1931, are shown by Fig. 19. ‘The curves for the «ancooled. blocks are 
‘shown by full lines, while those for the cooled blocks are shown by dashed — ok 

lin . These curves show clearly the story of ‘the rapid gain in heat, the 2 
_ maximum temperatures reached, and the slow but varying loss of this heat 7 
with the lapse of time, depending upon whether the b block was ‘cooled or 
There is also indicated the : average air temperature during this 
= and the date o on which | the slots were filled. These three sets. of curves, — 
as well as ‘Figs. 18 and 20, , show plainly the py of filling the slots in ri, 


The ‘following statements are based on a study hese 


4 records, § some of which extend over at period of twenty-two ‘months: @ 


Ad 


—Rapid placing of the concrete, in thick layers, caused high 


—The maximum temperature was 61. 9° C (143. 4° F). 
3,—The tempe rature was 23. 3° C (74° F). 
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TIONS AND TEMPERATURES IN AN ert 


: May, 1983 


4—The highest | “average” temperature of a lift was 51.0° 
 §—The usual temperature without cooling was about 50 50° (122.0° 0° F). 


 6—The lowest “average”: temperature of a lift was 35. 0° (105.0° for 


block cooled | with ‘six 10- ‘in. pipes. 


a  1—The average rise in temperature was 23° ° to 28° Cc (73. 4° to 82.4° PQ. 


to favorable radiation conditions the within ft a 
exposed surfaces never attained a high temperature. 


9—'Temperature strains due to the ‘unequal cooling o of « 
- interior of the concrete are severe enough to cause surface cracking of a large , 
block if it is not “reinforced, or unless the interior of the block is 


10 —Cored holes or a conn em of pipes through siting i water can n be 
_ circulated are practicable from a construction . standpoint and are very effective 
in reducing the heat of the concrete if “speed of construction: 3 is desirable. 


11 —In spite of the high- speed construction schedule the of 


6.—AcTUAL TEMPERATURES IN ARIEL Dam AT OF 


3. 
4. 
8. 
20. 
0. 
9. 
1, 
6. 


Block No, 


Elevation: 


(see Table 6). For or several I different. the ‘ ‘average” tempera 


ur re ‘conditions (see Table 7) were, as follows: omy 


| From Elevation 240 to Elevation 190 the temperature of the concrete rin 
down to about ‘the average annual temperature (42° 
rom Elevation 190 to Elevation, 60 the temperature, was not, more. than 
i From Elevation 60 to Elevation — 73 the temperature was considerably _ 


: higher than the design value, but i in this zone the arch i is short and f functions = 


| 
pr 
— 
‘as 
“4 
— 
= 
Block No. = || 21 | 22 | 23 | 24 | 26 | 27 | 28 
880... 30.7 | 11.9 | 18.0 | 90.0 17.0 5 | 15.0] 14.9 | 15.0 | 12.7 | 14.8 — 
1007 | 112°) 18:0 | 17.3 
13,0 | 14.0°| 18.0 | 23.0 | 18.0 2) 
pice = 
| 12.7 12.6 | 21.0 | 25.0 | 18.5 8 | 20.4 | 20.3 | 20.1 | 10.4] 19.5 4 
12.7 12.7 | 16.0 | 19.0 |. 19.0 0} 20.0] 
6 | 19.0 | 19.6 | 19.3 | 11.2 19.0 
0 | 26.0 | 26.0 | 26.0|.... | .... 
7 9.8] 8.7) 86] 86] 87| 85] 8.5 
12.7 | 10-4 | 8.6] 10.2] 10.2)}.10.0) 100) 100] ....) 
— 
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DEFLECTIONS AND. TEMPERATURES IN AN ARCH DAM 


TABLE 7- —TEMPERATURE Drops ‘Arter CLOSING THE ‘ROH, 


Bertin temperature of | to | annual mean for 
| March 1, 1932 which dam was 


2.1 


‘0 

Lai 


ad. The : relative | ‘economy of building the dam with construction joints only 
and with embedded cooling pipes, as compared to building it as a series of 
3 blocks with slots between, i is somewhat debatable. At Ariel, the Construction 


4 Organization was inclined to believe that the first plan would ‘been 
Due to the arrangement of slot ‘construction the longitudinal 
of the arch after closure was extremely small. = 


a. In connection with the temperature records it should be noted that the 
_ outside surfaces exposed - to the sun were kept wet - constantly by sprinkling. 


‘This sprinkling brought. the temperature down about 5° C, oe to about air 

_ temperature. Due to. evaporation those parts of the surface in the shade had 
a temperature slightly lower than air temperature. * The records i indicate that z 
te residual setting heat will not be entirely dissipated for two or three years. z 

i an may be noted that the concrete temperatures began to go down again 
about October 4, 1981, following the high rise e during the summer 


follow: nearly parallel to average daily air andl reservoir temperatures. 


2 


eon of this type have been made on the Staveniold Creek Test “Dam? 
Concrete models of the Stevenson Creek and Gibson Dams have been tested, 
‘the latter i in connection with the design of the A plaster- celite 
model of the Hoover Dam itself was tested in 1932." alder 
ae For the purpose of determining the deflection « of ie’ » Ariel Arch twenty- a 
one points were set in the arch and gravity abutment sections. Measurements ~ 


Tet? 


ee" were made: (1) After the slots were filled and just before water loading began; 
at intervals during the time the reservoir was filling; and (3) at monthly 
intervals during 1931 and bi- monthly 1088, to the 
maximum deflection and the seasonal v 


“Model Tests Confirm Design of Hoover Dam,” by J. L. Savage and Ivan Houk, 

Members, Am. Soc. C. E., Engineering News-Record, April | 7, 1982. 
ou 
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"DEFLECTIONS: AND TEMPERATURES IN AN DAM: 


different parts” of the arch, in accordance with the calculated values, 
_ 2 The > targets were brass plugs set into the concrete. The pointed, i 
ing part was painted with white enamel, and 3-in, “blackened holes on each 
vertical face were used as sights. the location of the various 
deflection points on the arch and thrust- block. The deflections were read by 4 
means of horizontal angles between fixed targets and» the arch targets, from 
an instrument base on either side of the river. These two bases were tied oy 
together by a 5 triangulation system carefully laid out at between. them and a base 
Tine « on the r right bank of the river (see Fig. 2). rer uh = 


“This is a ‘highly important consideration stresses are to be expected, in 


en 
att 


"Distant E-O to Instrument =470" 


ock. The readings 
| 
_ were with a 20 ” transit with a base. The t transit plates and the 


a base plates ‘were. -match-marked in order to obtain’ the | same set-up each 


The targets were arranged so that when turning away frorn any target 


on the dam to the fixed point 1 no focusing was necessary and the telescope was a < 


‘E ‘not turned about the horizontal axis. The angles were read by repetition, ,10 


to 20 hr being required | to ‘take a complete set of readings on the twenty- one — 

measurements taken o on May lla nd 12, 1931, just before the 
‘reservoir began to fill, were the ‘ ‘zero” readings. Fig. 22 shows 


the radial, and Fig. 23, the tangential, (detections. for various dates” to uly 


computed deflections are water at Elevation 240 ; they have eon 
-inereased to include the deflection of the thrust-block. The dam was closed nS ») 

2 in May, 1931, and the readings taken at ‘that ti time are considered as ‘the zero 
“readings or reference points for all future readings. Deflections were read 

monthly during 1 1931 and every two months during 1932. Only four ‘sets. of 

are shown i in Bigs, 22° and ‘Maximum deflections occurred 
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‘Fig. 23 clockwise | displanemehte indicate movement 
toward the south abutment and ‘counter- “clockwise displacements. indicate 


movement: toward: the thrust- block. gstrebrooon ai oft to 


ee 


t in F 


Downstfe ‘eam Deflection 


men 


place 


@ we 
Disp 


Ys 


K2 


Feet 


> 


£0. 

Computed Deflections,' 

a 


4 P< Observe ion: South 


= 
Computed | Abutment 


Displacement in 


Computed Deflections, as Tinh 
Radial 
Crown 


= 


B-1 


d 


i best "DOWNSTREAM ELEVATION OF DAM 
ribaet to WITH: POINTS FOR, DEFLECTION 


‘Table 8 shows a comparison of the actual deflections from J uly. 12 to 15, 
1982, and the calculated deflections. ait will be seen from this table and from 
22 ‘and that: the mésisured: deflections: are considerably less than cal- 
at the center of the: but ‘slightly 1 more toward abutments. 


measured deflections the lower “This partly explains. 
‘they have not: ‘as yet’ reached their maximum. Another ‘reason ‘is that 


‘concrete had not yet reached the design temperature, except above Eleva- 
tion 190° “(s see Table 6). A third reason is: ‘that the modulus of 


— 156 ela 
— =~: 
— <¢ Downstream Deflection|| 
— 
— 
Computed and Obgerved / abutment 
— 
— 
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a 
an 
— 


“May, 1933 "TEMPERATURES IN AN ARCH DAM 


elasticity of the foundation and abutment rock. probably is not aie ~ 
game as that assumed i in the design. , The maximum deflection is 


expected to occur about the last of April of each year, as this is the time me when 


Feet 


104 


Displacement in 


eference Line through Observation Points. 
5 


on Unloaded Arch May 13, 1931 
0. 02 — 


Clockwise 
t 


tin 


Clockwise} Counte 
ith Abutmen' 


Sout 


q Displacemen 


E 
a 
£ 
8 
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Clockwise 


North 
Abutment 


lockwise} Counter- 


HAS ) 
doot dow tad} ae LEGEND. in bas 
Tangential Displacements Computed after Radial and Tangential Adjustments 
with Allowance for Tangential Shear between Horizontal Arch Rings- 


-- Tangential Displacements Computed for Free Arch Ring, after Radial 


a Measurements Made August 18 to 20 1933, Water at Elev.215.0 > 7 


> 


Measurements Made January 4to7 1932, Water at Elev.231.5 
Measurements Made May 3to6 1932, Wateratélev.2344 ifd 
Made to 15. Water at Elev. 236,0 


a 


is expected to reach its lowest, average It. is quite 
Probable that the maximum deflection will, not be reached before, 1933. 


& 
| 1.—The maximum ‘recorded defiection (in May, 4932) is 0.108 ft. (4.3 in! 
at Elevation 220 in Block 25.' Fi ad} ovad ble 


ovesd 
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DEFLECTIONS AND IN AN ARCH DAM 


0.0078 | 0.023 | 0.089 | 0.164 | 0.132 | 0.053 | 0.018 | 0.008 
0.0110 | 0.029 | 0.088 | 0.108 | 0.098 | 0.073 | 0.038 | 0.008 
"Computed. . . 0. 0.020 | 0.087 | 0.140 | 0.098 | 0.039 | 0.011 | 0.003 
Measured. . -| 0.0100 | ..... 0.075 | 0.100 | 0.084 | 0.053 33 | 0.011 
“Computed 0.013 | 0.047 | 0.077 | 0.054 | 0.022] 0.008) ..... 
0.0010 | ..... | 0.069 | 0.082 | 0.062 | 0.033 | 
= - 2—The deflections at Elevation | 180 are slightly less than those at Eleva- o£ 
3.—From the maximum point the deflections taper off smoothly to the t 
4.—Closing the e slots did not cause any “measurable ‘up-stream deflection oft 
of the arch. The expansion to heating of the concrete in the slots 


‘apparently was s taken 1 up in closing ‘radial -eracks, compression of the _— 
and by restraint of the foundations. 


== 
‘6-—The concrete thrust- -block, which constitutes the north: 


the a arch, shows a slight tangential | movement and there has also. been a ‘small 
down- stream. radial movement of the top, amounting to | to 0.011 f ft (in — 


1932), compared to the calculated value of 0.0073 ft. 
e.g —The measurements indicate a radial movement of the south abutment 
8 (whieh j isa natural rock in place) of ak about twice that assumed i in the design, 


oralittle more than 0.01 ft | 


Te —The measured tangential displacements agree closely with those a 


ulated and indicate, by direction and amount, that arch action took place a 
xpec caaied with: the maximum ‘movement near the quarter-points of the arch 


In ‘addition to t the observations which have been listed in 


detail, other observation were made which will be of ‘interest to engineers 


observations were made with care, but 5] space does not permit indicating in, 
etail the procedure that was followed: 


Mog LA: test: was made to determine whether the holes cored in the « ails . 
or cooling purposes would cause radial cracking. An experimental block 


as tested and careful examination did ‘not | disclose e any eracks and a light } 


ed 


wire spiral showed nc indication of change i in ‘electrical “resistance which 
would have been case cracks, of any size had 


tied 


gr 
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of saturated ‘concrete was to be 0.26, while 


it was in the forms. It was determined that under average 
od "conditions 1 114 calories per gram of cement had been en released a at the end of 7 
4 4- —As a result of pouring some concrete in this arch dam with cooling 
- facilities: and some without cooling facilities, it was found that the placing 
fresh concrete at a lower temperature had two distinct advantages: First, 
the temperature rise due to. setting was so much ‘slower ‘that radiation and 
artificial | cooling had time to. take “effect; and, second, ‘since the placing 
temperature was lower the maximum temperature was correspondingly lower. : 
Block 25, which i is 286 ft high, measurements indicated that in the 
first ten months after the block was completed there was a shrinkage of 0.046 
compared to a calculated shrinkage of 0. 031 ft. id gust iat wi 
oe O— Facilities were re provided for measuring hydraulic w uplift on on the base 
the thrust- -block and at three different horizontal days’ work “inte, The 
maximum observed uplift between, the rock and the base of the dam was = 
than 20% of the static head and this was within 5 ft of the up-stream ; = 
‘a No uplift occurred on the days’ work joints, indicating that water-tight hrm 
can be secured by and careful 


ase’ 


4 


-* t high speed and the temperature of the conerete reduced ‘to a ‘suitable 


figure at the time of arch closure. ‘This end may be attained by the following 


(a) By limiting the quantity of cement used. excess of coment 


ary Construction in in comparatively short blocks will more than double — i: 
the re radiating surface in the thicker parts: of ‘the arch: and will 


it greatly increase the rate of temperature | drop in the interior of 


(ce) ‘The use of cooling pipes or holes cored in the is entirely 
"practicable from a construction standpoint, ar and the circulation 
“ae of cold water through these openings will assist: in materially 
reducing the conerete temperature by increasing the rate of heat 
removal. This artificial cooling will also aid in ‘prevention 
‘ heat of surface vane _ Where artificial cooling i is used it is essetitial — 


Mgt) 


>: that it is as soon as concrete is ‘placed. 


May, 1988 per 
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higher figure should be used in determining the heat released in 
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against the attainment of low concrete temperatures. The pro- 
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DEFLECTIONS. AND ‘TEMPERATURES .IN AN ARCH: DAM Papers” 


slit 2.+Hollow rubber. ‘cores make excellent forms for. cooling: poles’ they 


eens » entirely the. possibility. of grout-and débris collecting in the: ‘holes. 
Steel; pipes are entirely suitable for the holes,’ but are not as con- 


B—-Electrical: resistance thermométers: of a high degree of reliability can 

obtained.. ‘These thermometers ean be placed i in the concrete andthe leads” 
a can be brought out without interfering materially with the. ‘work 


aust 


meeessary the concrete can be placed rapidly in large and 
ito: a great depth without sacrificing any of its! desirable qualities. In the 
Ariel Dam one block was built v up 125 ft in 10 days.) ’ ‘High temperatures in 
the interior. of' a block, 40. by 90 ft in’ ‘plan, were ‘not: detrimental to the 

és temperature concrete in’ parts of the structure eighteen 

3 “months after the: construction began i is ‘still (1933) somewhat above the annual | 
average air temperature, but is . slowly approaching that : figure. . The maximum 


= temperature: ‘in the concrete was 61.9°.C (143. 4° F) and the average 


témperatinie tise varied from 28° to 28° (73.42 


6—Diamond drill ¢ores taken from the dam at several ‘places’ indicated 

seit a saturated condition of the concrete existed fifteen months after placing. 
- These cores also indicated an‘increase of ‘strength from thé surface toward the 
interior, the concrete in the ‘interior’ having a compressive s strength as great 
a as, or greater ‘than, that indicated by the regular test cylinders « of equal age. = 
—A measurable vertical shrinkage took place in the concrete and if 
not been: for the slot: construction there: would have been'a high concentra-— 
* a tion of loads at the quarter-points: of the dam where the: e steep sides of the 
-eanyon occur... The, vertical shrinkage subsequent to the closing of the. ‘arch 


has not caused the, diagonal cracks which have occurred i in some dams. 


There i is an entirely satisfactory ‘agreement between the actual and the 


-ealeulated radial and tangential il deflections, b both in direction and i in amount. 


Measurements show a down- atream movement of the, top « of the, thrust- block 


Annual -temperature. changes account for more than 30% of t the deflee- 
tion of, the Ariel, Arch Dam. If a drop in seasonal temperature thas” such 


‘an effect on the dam it is .ouldent that the. chemical heat developed in the 


Us should be: removed, as ‘as_ possible, im order to ayoid additional 


leakage under the. dam. is extremely, 'slight.. This can be 
accounted for by the particular care taken in the preparation of the founda- 


tions and the grouting: of them for water- tightness. {9) 

The. Ariel was designed by. the. Engineering Department of 


Bond and:, Share Company. and: was, built ‘Phenix Utility Com- 
| Pany.- The: late Mr. H..F. Lincoln was’ ‘Local Construction | Manager, and 
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The various temperature and deflection measurements were care- 
fully carried out R. W. Spencer, Assoc. M. Am. Soc. Resident 
Engineer, and I. L ‘Tyler, Assoc. M. Am. Soe. C. E,, Assistant Engineer. 
2 Previous to the starting of design and construction, the project had been 
| subject to study for some years under the direction of Lyman Griswold, M. 
Am. Soe. C. E., Consulting Engineer for the Northwestern Electric Com- 
pany. Henry, Vice- -President, Soe. C. Ez, and Consulting 
Engineer, at Portland, Ore., “represented the State of Oregon on ‘design and a 
construction matters in connection with the entire dam, and his wide experi- " 
ence was of value considering the many special problems 


L T. Merwin, Vice: President and General Manager of Northwestern Electric 


‘tion agua in this paper and in melas it available to the ‘Engineering 
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WIND STRESSES S BY SLOPE DEFLECTION A 


CONVERGING APPROXIMATIONS 


By JOHN E. GOLDBERG’, JUN. Am. Soc. C. 


purpose of this ‘paper is to present a method of -stress analysis 


ie rigid frames, based on the well- own slope- deflection analysis. By adjust- 


solutions are effected which after a flow: computations approach final accurate 


an 


Th method i is s to considered a as adic’ or directly 


both to the analysis of stresses in individual bents acted ‘upon by known 


horizontal forces and. to : structures. shaving symmetrical layouts. For the 


latter type of problem conception of a “composite bent” is asa 


| ‘tool | fo for structural ‘analysis. Finally, a solution is proposed for secondary 


| by n strair The proposed methods have the 


od, and practic 


its original ‘presentation the slope- -deflection n method of wind- 


stress” analysis by G. A. Maney, M. Am. Soe. ©: E.2 has been ‘considered 
be one 1 the best of the so-called “exact” methods. As first 


however, it was too laborions for general use. Many variations of the original 


since been proposed, designed to. the tedious work necessary 


for a ‘solution of the great “number of simultaneous equations which form 


Fa 


basis of the analysis an “s at the same time to retain the | theoretical accuracy. 


proposed from to time. Broadly speaking, however, because of « elements 
inaccuracy, impracticability, or lack of wed no single 


= 


—Discussion ‘this paper will be closed in September, 1933, 


nem 


Engineering Studies No. L Minnesota, 


— 
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Z suffered, with other sittin, because of its tediousness, but it has Pano been 

used as a standard by whith’ ‘the | > accuracy of other _ newer methods may be 


A more or less recent consideration which has added to the complications — 
an “already“involved problem is” theeffect” of eolunin strains under “wind 
- load. _ This paper is believed | to present a ‘simple, and yet theoretically correct, 7 
> method of analysis, based « on the fundamental slope- deflection Te 
can be made to ‘include, when desiréd, the effect of column strains, —_ i 
Generat Score AND Consiperations: OD 


: The ey covers the following cases: (1) Direct analysis is a 


é 50, and when tower is an 
- integral part of the structure, that is, not carried 0} on tru the structure | 
as a whole may | be analyzed by means « of the conception of ‘the * “composite 

as s explained later; and when the tower is supported ‘above. the 
main part of the building by trusses, some assumption regarding the degree 
of fixity of the lower connections of the columns ‘at the bottom of : ‘the tower in 
_ having been made; it is possible to analyze the tower as a : 
which the trusses. are analogous: to foundations, | bai | 


symmetrical or asymmetrical: layout. is the m more, 4 


view of ‘the fact, however, that: apparently’ no and yet 


au 


ae _ ‘method of analyzing | an extremely asymmetrical building as a unit is avail 
ity would seem best, in. problems of this: type, to divide the design load 


Detween the various braced bents on some 2 arbitrary or empirical basis. — 
Is ¢ 


are collected and defined. 
; i vcr _ Clockwise moments and angles | may be assumed to be either positive or nega 


tive, as long as the same convention is observed throughout any analysis. — 
‘The use of, consistent units is presupposed. interpreting | the. definitions, 


the | reader should bear: in: mind the conception of the composite, 


Following is the he notation: xd od? Yo onto A 


ae m = end moment: mas = actual moment at the end, or Joint A of 
member, AB; that is, for example, mnx-mx = actual 
wae moment at the end: or Joint nX of the member, nX¥ — mX; 


fixed- end moment at the end, or Joint A. of the. 
the Tatio, ‘for. any member, of 


_ analysis; it also equals the ratio of any rotation, in radians, 


f= = the ratio, for : any column, of its relative stiffness, Ky, to Ke 


Go 


cae oo 


— — 
— 
— 
— 
— 
fo 
— 
a 
7 
— 
oof 
| 
— skyscrapers are elther sym- | 
that a large percentage of the more important P 
— 
— 
— 
Rr 
a 
— 
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E= = modulus of elasticity of the material of the members; 
ube a = moment of inertia of the cross-section of the a. 

K = relative stiffness of a member: K,s, of the member, AB; Ky, 


of a member’ in which the rotation at the far end is 
Ko, of a column; and Kg, of a girder (or beam 


length of a. member (particularly of beams) ; 
M = “wind moment” = horizontal ona the story 
height ; Arh 40} .fegethat of dats shar) 

in the same anomalous ‘units: = =a or 


4 
>| 


4 value of R for any story; 4 tod 

= 7 & = rotation of a joint, in radians : Si, of the joint, « or end, + and, 
| of the joint, or 

i oe rotation of a joint in ‘anomalous units: 64, of Joint A; B> of 
Soint B; @, an initial, or estimated. yalue ofthe average 


of all 6- values” of any story; and 6;, the ,rotation of. a 

at the opposite end of a member that frames. int 

A “story” consists of the columns, together with ‘the ¢ girders Joint 

or or beams immediately above. For ‘properties or variables of 

the stories, “columns, joints, or beams, subscripts 

are used. For example, the number of the story, counted 

the foundation, is designated by a lower case letter, 
such as m, n, or 0, in formulas and equations, or by a num- at & i oe 

ber, in the actual analysis. Columns, joints, ‘and beams or 


girders are similarly designated by an upper case letter, for 
A, B, C,... W, X,Y; convenience, 
at the left. ‘Thus, the column of the. nth story. is 
‘designated as the nX th! culteinns the third joint of the fourth ti 
story, Joint 4C; relative stiffness: 0 of the nXth 
column, | as Kenx. The relations of the elastic line. ‘of a 
torted column are shown in Fig. 1 


UMD; 


TION. 
‘either: individual’ o1 or composite... The’ ‘general, equation ‘on’ 


= 


slope-deflection method of ‘analysis is based i is the: for the moment 


ati the end, A, of the member, 4B od te 

in is the stiffness factor. In this form it the ‘effects ot: 


(1) Beam loading (2) joint translation ; and. (8): joint rotation. 
In the usual ‘conception and handling of wind; stress problems, the 


att 
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| that all loads are apple 


Papers 


the points. he eliminates the term, from this particular 

e is intre »duced 


= As a means of reducing ‘the work to simpler figures, there is intro 


formula the idea of stifinese, ‘substituting / K for -, and 
i 


6 and (which are in anomalous for the corresponding 


(which ar are in ‘Then, f for the Xth column of the nth s story: 

x x—2 2 — 


4 


= 


"Where column strains, of known or eamtmed ‘amount, ‘are taken into account 


’: causing relative transverse « displacement of the ends or joints, the most con- 
(4) 


By comparing Equations q) and (2), i it ‘may be seen that the relation — 


fe 
ween any horizontal deflection (oceurring in one column length) and its 


(5) is of mee in calculating the actual of. 


ories of a building after the 1 various R- values have been obtained. — San a 


/ Because, the e ratio | by which the total wind load is divided between the 
frame, and the walls, floors, etc., is an unknown and not easily e stimated 
i quantity, it is usual to assume that the frame carries the entire load, giving, 


in effect, an increased factor of safety or factor of reduction for both stresses 


Consider a ‘single’ bent as being. acted ‘upon by known horizontal forces, 


a d cut all the columns of the nth story by a horizontal plane. i Then, apply- 


g the law of statics, 3 H = 0, to the part ‘of the bent above the cut section, 
(column shears) = external shear 
i the | total of all loads above the ‘cutting plane. 


n which, the external shear is 
both sides of equation by h, ‘the story height, 


|. 
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— 
— | 
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— 
— 
— 
4 
— 
— 
7 
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Re 
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— 
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gifs rate of change of momen: act faved ia 


(3 Onx +3 Omx)) cing 

ard form of the bent equation. — 


Jot Eq VATION. 


o each joint ‘the law of statics, m= 0, may be applied. the joint 
m (2 Onx + On) 
= mx = Kenx (3 Rn — -2 Onx — 


Hence, by addition of these four equations, & 


in: 64) is the ‘summation of the of the K- -values for 
each m member framing into the joint under consideration times the d-values 


aa 


for the joints at the respective fer ends of those Equation is 


ach story and a a joint equation each joint, solving these equations 
simultaneously fo for the various: R and | 6-values. R and 6- values thus 
obtained were substituted in expressions which had the form of Equations 
‘and (3), to determine th the correct end moments throughout the bent. _Obvi 


The original method of solution consisted of writing a bent for 


would be prohibitive. 


of columns, tend to the m iid-lengths of members. “The ‘method 
to be outlined herein takes due account this action ; but, by it only 


Taking the pat of the bent mth story, and assuming 


joints to have the same rotation, 6’m, for ithe: mth and nth 


quation (2), the sum of both end moments of the nxth column is, 

for all columns o iim 

be 
| This becomes the stan By 
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Mm + Mn = 62 Kem 62 Bn — 6 (2 Kom +2 Cn -..(8) 


on Ba Om 


Kom Rm + 3% Kon Rn — (83 


ae 


a 


_ This gives a formula for the initial ¢ average value of the joint rotations at 


terms of known quantities. 


¥ Fins = is customary to assume a degree of fixity for the columns at the founds 


foregoing derivation | may ‘be modified to an expression for For 


_ Proceeding toa 


ted. average value, of all 6 


an R- value from any series of 6- values i in an actual 
the following. is perhaps the 


Om + On 
ty 


_ Rm and Rn between Equations (8) 


faa 


ip 
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Ww 
— or 1S 
= he ratio, for f Rn, in 


The ‘most ‘convenient form of the joint “equation is obtained bys solving 


Ons = + 3 Koox Ro— = (Ki) 


en's (10) (and (10a) or and (11¢), therefore: are. of use in 
timating the @ and R- -values of of each story. $ _ Equations (12) and (11), (11a), - 


are to determine 1 more nearly correct and R- values, ‘and, if 


the work is ‘carried far absolutely correct values may be “obtained 


The in a’ primary wind: stress analysis 1 may ‘now 


outlined. . Each consecutive ‘step is ‘numbered for convenience. same 
“numbering i is applied’ to ‘the illustrative problem shown in Fig. 2 and explained — 


{ 


'Caloulate the relative ‘stiffness of each ‘member of the’ frame: also, 


calculate Ke and 3 Ke for. each story, > K for each joint, and f for 


ia 


~ (2) Determine the horizontal shear on ‘each story, and from this determine _ 


= shear times story height for each story. 


(8) Calculate for each story, using Equation (10): for all above 
the first and Equation (10a) or Equation (108) for the first st’ story. 


(4) Calculate R’ for each story, using Equation on (11c). y 

(5) Calculate 3 Ko R’ for each column. (For subsequent use 

(6) ‘Separate the joints into two groups of alternate joints—one group to 


inchide Joints 1A, 10, 1D, etc., 2B, 2D, ete., , and the other group to include 


th e remaining joints. For each joint of one group calculate the quantity, 
which is the form Equation (12) takes: the points of. « con- 


traflexure are at the mid-lengths of the This, is to be considered 
in the nature of an estimate. _ For. the joints of the first story, instead. of the 


fi columns pin-ended at the foundations; and, 


columns. fully at the foundations. These expressions, easily. 
* from fundamental -slope-deflection considerations, more nearly 


? the true 6- value of a joint under the assumed conditions of fixity. ‘VS CORT. 
Using ‘Equation (12), calculate a series of §-values for the rem 
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By t the sar same method as Step (7 ), calculate a series of values for the 


first group of joints, based on the results of Steps (5). and 
For greater accuracy, the 6- values" of Step (7) may be recalculated 
on the basis of Step (8). - Ordinarily, even in the analysis of asymmetrical 
i bents, this step may be omitted as it was in the illustrative problem of Fig. 2. 
ey (10) ‘Using the results of Steps (7) and (8), or of Steps (8) and (9), in 
_ Equations (11), (11a a), or (118), calculate a new set of R-values (in reality 
iu this is the first approximation for these R-values, the corresponding R’-values 
a (11) Repeat Steps (5), (7), wa (8) (and Step (9) if extreme accuracy is 
ie desired) on the basis of Step (10), using for each 6; in Equation (12) : the ‘est 
obtained. This gives a new series s of 6-values. ait. 


(12) Repeat Step. (10), using in Equations (11), (11a), (118), the 


results of Step (11). gives a new series of R- values. 
(a8) Repeat Steps (11) and (12) until the ‘desired degree. of accuracy is 
obtained. It will be found that for all but the 1 most irregular cases this step 
may be ‘omitted, In fact, in many analyses, the desired accuracy will | be 


as ail 


obtained if the approximations or r cycles proceed 1 no farther than Step (10). 
haat (14). Substituting the results of the previous , steps in Equations. (2) ‘and 


(8), calculate the end moments of each member, 
Caleulate, desired, the horizontal deflection of each story, using 


Equation (5), and working upward from the first story. bran ody 


a 20- -story bent.as shown in Fig. 2. wind load, v which panel 
concentrations and shears as shown, ‘is equivalent to a pressure of 30 Tb per 
iva sq. ft ona strip 1 ft wide and extending to the top of the building. 2 All work 
a to be done o1 on a simple | line, drawing of the | bent (this will be found to = 


_ the most convenient method). . The columns ar are to be assumed as fully fixed 
at the foundations. | In order to provide a limit to the problem, it will be 7 


assumed that the points of contraflexure of the fourth- story columns are at 


‘their mid-lengths; also, it will be assumed that R, = - Rs to 
Ae es The fourth story is used to show the general form and detail of the ee _ 
a _ tions. The encircled figures refer to the steps of the foregoing recommended = 


procedure. When considered with this step- -by- -step Fig. 2 becomes 


tm ‘The: deflection at the top of any story is, of course, D up to and it (d) 
that “story. . Equation (5) gives | the value of any D in terms of ite of t 
corresponding R and h; that is, D= CRh, in which, is the ratio of the con 


relative atifineen factor to the actual stiffness factor which is taken as “—- 
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each member, and: 


tf ‘iain, if, as in t strative problem, the deflections are ¢ desired in 


inches while the moments are in units of 1000 lb-ft and the story height is 


in feet, C C must be multiplied: by 144 000. | + The deflection at the — of the first 


= —144000_ (0.458) (22) = 0.0242 in. 


0.432) (16) = 0.01 

0.0242. + 0.0166 = 0.0408 


ro Since the design load was the» wind | pressure on a vertical strip, 1 ‘ft wide, 


extending to the top of the building, true deflections will be given by the 
product of these values and the distance, in feet, between bents. sage oe 


B - Often, perhaps as a preliminary check | on the rigidity of the oop 
t 


"having caleulated ‘the actual R- 
are calculated, may be used. 


Composire Ben 


_ Thus far, a bent has been considered as being ‘the | structural ‘iam 3 In 
‘sullen, the action of any ‘individual bent n may depend quite ‘as much on the 
action of neighboring bents as it does. on the loads directly imposed. . In tall 
buildings, particularly, the floors and walls force all bents to assume approxi- 
mately the same horizontal deflections. . The division o of load. between the 
various bents, then, should be made on | the basis of some rational « conception 

of unified action throughout the frame. 
_ One of the simplest, yet most rational, methods of analyzing this ur unified — 
action of a ‘complete frame involves the conception ofa composite bent. 
general method, applied to buildings: of symmetrical structural layout, 
pod briefly, the e following | procedure: : (a) Group all bents into « one com- 
posite bent (the: loads, of course, ‘must: also be grouped together) ; (b) obtain 
a fairly accurate series of R- values—in most cases, the initial R’-values will - 
be adequate—for this composite bent; (ec) using these R-values in the indi- 
vidual bents, calculate a set of consistent 6- 6- values for the various joints; 
-@ caleulate a new series of R-values on the basis of the weighted average 
of the columns of all bents; (e) repeat. Steps (c) and (da), if desired; and, (f) 
| 4. In the case of special problems, ‘the method is subject to variation. When — 
all ‘parallel, bents : are exactly the same, bey bent may be. for i its 
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wi pletely asymmetrical, some corrective factor may be introduced to take care me eo 
of the torsion of the frame asa whole. | 
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As the frame deflects under the action of the wind load, all beams tend ; 

to have the same general effect on the columns ; that is, uplift on the wind- 
= side and downward thrust on the leeward column. Because of ‘differ- 
ences in _Teactions, the net is a variation in column loads and, 


various joints of any are to different levels, as 


in Fig. 8, and certain moments are in ‘This 


condition becomes extremely important in tall -siftdings although it may ‘i 
lly or even altogeth ligible in lesser structures ' 
y or even a ogether negligi e in lesser struc ures. 
_ For any rational anaylsis of these secondary stresses it is necessary to 
know: the actual column loads ; that i is , the primary loads minus the secondary 
loads. One simple plan, however, is to use the column strains induced by 
_ the primary beam moments, , unrelieved by the secondary beam moments, as a 
basis of solution, this, of course, being the most severe case and the absolute — 
I cuniquane limit of secondary stresses. . Obviously, this m ethod - may lead, in 
some es cases, to values of secondary ‘stresses. “This i is particularly true 
of the taller and slender buildings. Perhaps’ the logical 
eedure for a secondary stress analysis. which is to take account of the 1 reliev- 
ing effects. throughou the bent or frame i is somewhat : as follows: (1) Make 
a rough sécondary stress solution on the basis of unrelieved primary column 
strains; (2) correct these ‘primary column ‘strains: for the relieving effect of 
‘rough’ secondary solution ; and, “use this ‘relieved "condition as 
basis for an accurate secondary stress” analysis, 
ates ‘The final | result in any case should be, as indicated in Step (3), an 
accurate analysis of sécondary stresses, the. approximate | or or rough solutions 
i es of the sontom steps | being used merely to obtain a more nearly correct iy 


those analyses: in which the 
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_ The secondary stress analysis, whether it be a rough preliminary solution — 
or an accurate final solution, | must consider the following: (a) There exists 
q at each veel of each beam an unbalanced 1 “fixed- end moment equal to 


therefore, n must rotate to new positions of equilibrium and, (ce) ‘the vari- ‘ 


Me 
& 
ake 
3 
Qu 
@ 
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ae 
5 


= : (weighted a average of and 6n’s). (18a) 


an of a a simplified method of analysis, suppo suppose that a cer- 


columns strains the moments indicated in Fig. 3 are induced. 
Bearing i in mind the fact that the points of contraflexure are near the mid- 


lengths of the columns (justifying the use of 3 Ke in the 
: values of R, 04, and 6, may be found by successive approximation. If the _ 
column, R, is assumed to be zero (the beam R- values are, of course, known 
i = of such amount as to ¢ give , for the respective values of 3 KR, the quanti- 


ties, 75 and —50), Equation (12) would give for a first approximation, alge ath, 


The will be as consisting of 3 K,R (which is 75) minus 
Ky (whieh is 8) times an estimated value of 6 (which ‘is, in) this case, 45, 


% other 6; values. being assumed to be equal to 6,). ‘The foregoing value of 

Rachecking | the value of step. which i is not generally necessary: 


Equation (18a) or Equation (180), these would give R approximately 


equal to 0.94, which, in turn, gives: 3 KomR = 3 (0.94) 5 = 141, and, 3 KenR 


yn From the foregoing values the corrétted joint rotations v would be found 
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14. 1+ 11. 22) _ ive 


_ From these values a new R-value may be computed, giving, in this ease, 
From this point forward in the analysis, s everal variations of method may 


used, depending on the accuracy desired : dtiw 


ty). If the analysis is to be, used. merely a as a preliminary estimate which | 
=! 5 will furnish a basis for calculating ‘ ‘relieved, ” or net, column strains, the 
values of ., and ab b found, may be used in Equations (2) 


it’ is necessary to calculate only, the beam! ne at 
uF or ‘many eases in which the secondary stresses. “are relatively 
‘unimportant, although | appreciable, the foregoing values m may ‘be used to caleu- 


late: the moments. to ont 3 
a ra 
Where a more “acetate solution is the, foregoing method ; 


"sponding to the: R’-values. of the primary on the: of which 
- or more cycles.may be applied to obtain final correct values of the secondary — 


displacements. ‘may then computed from. thebe final 


On the other hand, a series 0 of n be 


previously. This yoethod “needs no explanation. 


Regar less of which method i is used, (13a) or Equation (186) and a 


modification , 


(8 KR, form the basis: ‘of figs 


‘The writer has presented, the & bisio method for the analysis 
of both. primary and ‘secondary wind stresses. It must’ be borne in mind, 
however, that for some few special cases of the frame as a whole the method 
subject to va variation, as has been indicated. 
method, it is believed, offers. certain. definite advantages not gen 


(8). the methods. require: no elaborate (4) with the 
i 


ception of the composite bent, the method is easily extended to. include the 


analysis of certain | types, of complete frames : al nd, (5) asymmetrical bents 


are analyzed quite | as et easily as symmetrical 
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PROGRESS REPORT OF ‘SPECIAL COMMITTEE 


| Hog This Committee was constituted i in 1930 and nine with _ appropriations 
from the Society, from Engineering Foundation, ‘and the unexpended funds © . 
of the Special Committee on the Bearing: Value. of Soils for Foundations the | 
work of which it continued in ‘certain ways. adt of 
: . Although, much progress has been made in recent years” in the field of Soil 


Mechanics . and related subjects, the Committee felt that further. research 


work was necessary, to make practicable 1 the application of this knowledge e by 


The. work was pursued at, the, Massachusetts Institute of Tech- 
nology; ‘Cambridge, “Mass., at Technische Hochschule, Vienna, Austria,. at 
Columbia University, New ‘York, Bao and at Yale University, New Haven, 


_ This Committee believes that this report contains the _ basic principles: by 


which “may be solved the general problem of the, settlements of structures 
on soils containing strata of very -fine-grained | saturated materials, 

lt is, proposed to outline the necessary. mechanics including the. usable 
Pend oang curves, and tables, with a due appreciation of errors of assumption _ 


that ; may appear in, the methods as the theory is modified by’ later experiment. 


The basic principles — of the mathematics have been developed by — 

‘Terzaghi, M. Am. Soe. E., a member of the Committee, to which principles 
| important contributions have been made by Glennon Gilkey, Jun . Am. Soc. 
0. E., who succeeded Mnesachusetts: Institute of 
Jun. Am. Soc. C, E., retained for this’ purpose by: the Committee, 
e*| this Institute has as placed the facilities of its Soil Mechanics Laboratory, at. the 
od disposal of the Oommittee. Mr. Buchanan has been employed’ by the Com- 
“mittee! for two. ‘years: (since. 1981)" and. ‘has. rendered. valuable service in 


as well. as in 1 developing @ boring machine for obtaining undis- 
is 

tarbed samples of élay or similar material. .; adt dt 

mr ‘Presented at the Annual Meeting, New York, N. Y., January 18, 198. Discussion — 
this” — will be closed in September, 1933, Proceedings: fe 
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ren, The Committee has also been fortunate in obtaining the benefit of Pro- 
- fessor - Terzaghi’s s work in Europe, particularly his observations of settlements | 
ia existing structures on n yielding and unconsolidated st strata of soft materials. 
An interesting experiment 0 on both the distribution of 3 pressures as s well as a 


easing th that the most important problem confronting engineers: is that 


study” of the mechanics of settlement in clay is given and ‘several examples 

iM are quoted from actual experience. Of underlying importance is the recogni- 

tion of the fact that no subsoil study is complete unless a comprehensive e 

Espey is made of the entire stress system existing in the upper as well as 

n the deeper lying strata below the loaded surface, together. with the result- 

ing behavior of the material in which h these | stresses exist. shallow subsoil 

study is absolutely misleading. Tt is necessary, therefore, to develop. herein. 

A “a the mechanics of pressure distribution under a given loading, with particular 

lj reference to the distribution at great depths below the loaded surface. arr e 


The | Committee fully appreciates the worth of laboratory analysis in con-| 

- a ‘nection with foundation practice and warmly welcomes the co-operation of all 
such research and experimental stations; but it feels ‘that the essence of 
foundation study is the collection of settlement data then from existing 

- structures. It has taken’ particular pains to gather such data, and makes an 
“appeal to the membership at large to furnish it with records of settlement. 
To make such data usable a proposed form for such records is presented in 
this report. - Professor Terzaghi has assembled such data from his European, 
“Asiatic, and African experiences. Committee | to be furnished with 


a comparatively 


records on an important structure in New ‘England and on numerous struc: 
“tures: of varying character i in Central Europe and, in addition, has been able 
to co- operate with research workers in similar fields abroad. 


load, ay applied at the ground surface, distributes ‘itself throughout the 
ground in accordance with fairly simple laws, the pressures diminishing in 
intensity both in the vertical and in the horizontal directions away from the 
tall axis of the loading. An elemental example of j pressure distribution may be 
a used as a preliminary study of the radiation of pressure from a load source. 4 
ma Ny Assume a pile of rollers, ‘Fig. Iw ith sufficient frictional resistance between 
the rollers: to prevent lateral motion, The number of rollers in ‘each layer 
ae increases ‘in arithmetic ‘progression. A load of unity is ; applied at the single 
upper ‘roller, the rollers” themselves being weightless. Each roller takes the 
vertical components to the two rollers in which it is nested. The distribution 
ae vertical components of pressure across a horizontal mone? is seen to follow | 
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re distribution is in 4 The maximum 
value of the pressure in any layer (that nearest the center) is given by, 


is factorial n (n—1) (n—2).. an 


Since the distance, isa of the number, 


wi ich, isa constant. Th similar fashion, taking a four-sided pyramid, 
each face of which corresponds to the section shown in Fig. comprised of 


uniform balls with frictional resistance, 1 the number of balls in each | layer 
increases as 1? 2 Each ball distributes its load in four equal 


vertical components to the four in which it is nested. — ‘The “distribution 


across a central section at any layer is given by the s successive terms in the Fai 
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and ithe, maximum a ‘that is, the pressure at the axis of the pyramid, : 


“of: 2, Sig replacing all other constant factors by a new constant, ¢, the “0 of 
a re ‘distribution vertically d downward under of the pyramid is 


of Concentrated Loads. to the, distribution of 
sures in soils distinction be made b between two cases : The 1 trans- 
; mission of pressures from a single applied load as. given by. Boussinesg ; : ; and 


; (B) the transmission of a distributed load at the surface through a a typical 


a 


(which have been well substantiated by. experiments), are. independent of the 
_ of material and involve no elastic constants. “The > pressures at any point 


vertical plane section of the soil. The pressure “distributions in both cases = 
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aden 


Sea 424444442445, 


ghd 2 


as given by the theories are stress intensities ; that is, they. are expressed a as 
vertical load unit of area. Thus, if if the given load is in tons and 


iy = is measured i in feet, the pressure ¢ as found at any point is given in tons” “ 
‘square foot. Referring to Fig. applied at the surface (taken | 
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| 
ae 
1 0.0251 | 2.00 | 0.0085.) 2.50 | 0.0034. 

0.0823 0.0245 Di | 0.0084] 2.51|}0.0033 

0.0803 | 1.52 | 0.0240 2|.0:0082 
0.0783 | 1:53 | 0.0234 | | 0.0081 | 2-53 | 0.0032, 
0.0764 | 1.54 | 0.0229 | | 0.0079.) 2-54 | 0.002 
0.0744 | 1.55 | 0.0224 | 0.0078 | 
4 0.0727 | 1.56 | 0.0219 6 | 0.0076 | 2:56 | 0.0031 
t 0.0709 | 1.57 | 0.0214 7 | 0.0075 | 2.57 | 0.0030 = 
0.0691 | 1:58 | 0.0209 | | 0.0073 | 2:58 | 0.0030 
0.0674 | 1.59 | 0.0208 | | 0.0072 | 2.59 | 0.0020 
| 1.60 | 0.0200 | | 0.0070 | 2.60 | 0.0029 
1.61 | 0.0195 | | 0.0069 | 2.61 | 0.0028 
1:62 | 0:0191 | 0.0068 | 2:62 | 0.0028 
| 1.63 | 0.0187 | | 0.0066 | 2.63 | 0.0027 — 
| 1.64 | 0.0183 | 0.0065 | 2.64) 0.0027 
| | 1:65 | 0.0179 | 0.0064 | 2:65 | 0.0026 

1-66 | 0.0175, | 0.0063 | 2.66 | 0.002 

| 1-67 | 0.0171 | 0°0062 | 2-67 | 0.0028 
| 1.68 | 0.0267 | | 0.0060 | 2.68 2.0025 

| 0.0163 | 0.0059 | 2:69| 0.025 
— 
1-72 | 0.0153 | 0.0056 | 2:72) 0.0003 
0.0477 | 1.73-| 0.0150 | 0.0055'| .:.. | ...... 
0.0456 | 1-74 |.0.0147 | 0.0054 | 2.74 0.0023 
71565. 0/04 1.75 | 0.0144 2 | x 
0.4054 0.0448 | 1.76 | 0.0052 | 3.76 | 0.0032 
0.3094 | 1:78 | 0.0135 | 0.0080 | 3°78 — 
0.3954 | 0.1455 28 | 0.005 — 
0.3902 0.1420. 0.0412 | 1.79 | 0.0132 | 0.0049 | .-.. | ...... = 
0.0042 | 3.08 |.0.0013° 
0.3408 
| 0.0040 | 3.19] 0.0011 
9.0039 | 3.31 
0.0038 | 3.50 020007 “a 
0.2809 0.0269:| 1:97 | 0.0001 | 2:47 | 0.0036 | — 
0.2843 0.0263 | 1.98 | 0.0089 | 2.48 | 0.0035 | 4.13/ 0.0003 
0.0257 | 1.99 } 0.0087 | 2.49| 0.0034} ....)...... 
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vie ‘ig. 3 is a graphic » demonstration of the relation. be between the values of K 
and the ratio of ~. Table 1 ‘supplies values of the ratio, 7 , for computation 


purposes. of a load concentrated at a point makes it neces- 
_ sary to go some distance below the point of application of the load to obtain 


fairly” accurate results. As a numerical example, , assume a load of 450 tons: 
“applied as a point ‘concentration on the surface. Determine the stress” 
intensity at a point 40 ft below the. load and 15 ft ined horizontally, so that 


= 40 ft and r= 15 ft, and the ratio, ’=0. 375. Table 1 with 
Or 
375, the corresponding value of K is 0. 3436, stress, in tons per square 


foot, is then 0.3436 x OL = 0.965. mt If a combination of point loads | is 


a given, the stress intensities from the several loads may be added at any Deiat 
to obtain the tol pressure at the point from the combination of loads. Thus, 


1? 2 


= 
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loads” surface, as derived from the Boussinesq equations. order 
| to show more clearly the lines’ of equal vertical pressure the distribution 


_ between the planes from 5 to 15 ft below the load point is shown separately. 


‘The « curves in Figs. 4 and 5 are the lines 0 of equal vertical intensities. Since — 


jow Surface in Feet 


Depth bel 


val 


term, ‘kips,” on the diagrams: of this report denotes “kilo- pounds,” 


or 1000 lb, in each ease. It is s also to no ge that oe per sq ft i 


“equal, for practical pu 


“size the question arises as to of the into units 
of such size that the load on each unit is sufficiently small to be considered a 
“point concentration as assumed i in the Boussinesq formula. Professor aed 
= made a thorough investigation 1 of this point, and he concludes® that ‘ 


Prof. Gilboy’s report to the Committee. 


A 


« ily” of bulbs forms under each 
are bulb-like surfaces. It is noted that a “family” 

0 

— 
. 

— 

— 


division of the area into ‘elements the longest side which is 
“Tess than one-half the distance from the element to the. point (at which the 
a stress is to be e computed) will give a correct result to within 6%; less than 
 one- -third the distance, correct to within 3%; and less than one-fourth the 
_ distance, correct to within 2%. As an illustrative example of this process 
of subdivision, Professor Gilboy quotes the following example : Compute the 
_ intensity of vertical stress, at points 25 ft directly b below the center and 
the corners of raft foundation, ft wide and tong Fig. 

6), _earrying a ‘uniform load of 3 


= 
12 Loads, Each 300 Tons 


al 


divided into 10- o-ft squares, each carrying 300 tons, the error involved wi 


be approximately 4%, since the ratio of 10 to 25 is between one-third and on one: 
half. The s stress at Point A, under the center, can | be found from 


may be arranged as shown in Table Finally, 
= 4X x 0.6802 x 300 = 1.31 tons per sq ft. 


= 


Load Nos. ars Distance, ri in feet | r Coefficient, K, in 
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r 184 EARTHS AND FOUNDATIONS Reports 
i 
‘ 
— 
— 
— ty, 
— 
— 
— 
— hi 
— 
— the 
— 
— 


EARTHS AND FOUNDATIONS 785. 


at All the stresses at the corner * points, s, B, in Fig. 6, will be the same. Tak-— 


e | 
[ing the one nearest Load No. 1 as a basis, the cnmgpnations may be erranged 


as shown in Table 3. Finally, the ‘stress, Pz = 1.1536 x 300 = 0.55 tons per 


Re 


(ece Fig. 6) one Ratio, = K, in Equa: (see Fig. 6) r, in feet | Ratio, K, in Equa 


— 


be (7) (see Fig. 2) ees tion (7) 


0.632 | 1.523 | 0.0238 
0.849 5V90 0.0108 
| | 2.209 0.0057 


By proceeding i in this fashion with other points, a fairly complete “oe "a 

| of the stress conditions under the area can readily be drawn. “tm 
To show in a single section the sum of the intensities along any narrow 


a: "horizontal strip ‘normal to » the section, the total of the stress intensities 


_ It is noted that ise any given value of the ratio, —, the stress intensity varies — 


ich ch 


inversely as the depth, hy as. distinguished from ‘the general case, in wh 


sity at a given point, x, , in the soil, for a oe distributed load along 
__ Pressure Distribution Under Distributed Loads. ad the load applied at 


____ the surface of the ground be Po per unit of area distributed over a length of 
2b A plane section of this loading is shown in Fi ig. 7 and the load at the 
Surface — is assumed to extend indefinitely in both directions normal to 


‘the plane. ‘The stress intensity a at any point, z, z, is given either by, 


‘sin @ cos (a + 


: 
38 
d — 
b- 
1 

iG — 
| — 
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— 
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rt 


Reports” 


= 


rofile along Center Lin 


P 


Distance in Feet Pressure in Kips 

PRESSURE CONTOURS ; L¢ Loapine (1 Kip = 


a Table 4 gives the values of ‘se for th the ratio, u uU =o, Equation (12) may | be 


with ‘the pressures found from the Boussinesq formula for a strip 
loading. r Fig. 9 gives the curves for both methods. At depths of about 30 ft 
(for the given type and amount of loading) the readings become comparable. 


The “method of plane sections as compared with the Boussinesq method 
has. the > advantage of giving usable readings closer to the surface. itt at 


TABLE 4—Vaturs OF k FOR THE Ratio, — (= u 


Clay ay differs from silt and sand as a foundation cuahaited 4 in 1 that +t settlement 


takes through ‘the consolidation of the clay mass as 


Distance below Load i 


w loadin Feet 
= 


| 

— we NDATIONS 
a jer a loading of 1 000 Ik 
ing (the z-axis), the =kDpo..... | 
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of 


squeezed o out under an applied loading. Al clays are assumed to be saturated : 
and to be composed. of grains of such minute size that the e paths of water flow 
are extremely restricted. For this reason water escapes with extreme slow- 


i. ness, the rate of flow Deencdiinn on the permeability of the soil. The grada- 


“ASS 
N 


3 
a 
3 
a 


30 
40 
q 
50 
x 
60 


be 
j 


Pressure in ‘Tons per Square Foot Preseure, R, in Tons per Square Foot 
‘Fic. 9. —COMPARISON OF PRESSURES BY — Pressure, Vorps-RaTIO CURVES. 


| Mernons. 


tions of the ‘different materials, such as gravel, ‘sand, silt, ond clay, as well 
as the laboratory - procedure to make such gradations have been set forth in 7 
previous publications and need not be discussed. All the tests to determine — 
compressibility, permeability, and other related ‘constants have been we well 
described in several reports and have become fairly well standardized. _ as th i 
| _ The intrinsic properties of a given clay are d defined by a permeability 
coefficient, k, a compression coefficient, a, both experimentally determined, 
and a derived coefficient, c, the coefficient of consolidation. The given phy- : 
Se of a clay is defined ed by : a voids-ratio, e, which is the ratio of the — 


volume of voids in a given n amount to the volume of the solid content. ej -——~ 


as usual defines the of ina 

Thu, i 


clay, at the first instant all ‘the load. ‘the water escapes, 
the load. is hanngeneay to the ‘solid skeleton of the prism. When the flow 


- 
— 
— 
£4 
TTTT) 
— 
a 
be 

ft 
le. 
eer: 
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clay, for that particular load. set of laboratory for a given 
specimen is represented by smooth logarithmic curve, two of which are 
7 illustrated in Fig. r 10. Havi ing plotted such a curve for a given. clay, values 
of the voids- ratio for any assignable loading may be taken from this empiri- 
eal curve. it should be noted that the metric unit pressure, kilograms per 
square centimeter, is the practical equivalent of tons per square foot. derma 
To simplify the mathematical analysis the thickness of a given dey 
stratum is . reduced to the equivalent thickness of the solid content. If the 
The coefficients of compression, a, and of permeability, k, are found to vary 


with applied loading. — of consolidation, c, however, is 


“fairly ‘constant. Iti is defined i To. 


cross- ss-section _ extending from n top to bottom 


‘ing is Ci, the average value after complete consolidation under a given 


— load i is ef, then the total shortening of this prism, that i is, the total ‘settlement, 


The total settlement, ‘therefore, — upon the determination of the initial 
and final voids-ratio. The distribution of pressure may be found from Equa a 
tions (7) to (11), and the corresponding voids- ratio taken from curves similar 
to Fig. 10, proper samples having been taken to evaluate a set of readings for > 
“Ss Rates of Settlement. —Since the total settlement, as given by Equation © 
« (16), may not take place for an indefinitely long period, it is important to 
determine the rate of settlement ; that is, the rate at which the materials 
consolidate. If at any time, t, after the load has been ‘applied, the settlement : 
at a given oint i a i 


in n which, Q is s the <0 tage ¢ of the consolidation and i is s determined ‘mathe: 


“take die thickness to the rock layer and ‘Refer 
a of pressures to a vertical axis, Z. ZZ. At the instant of 


4 
— 

* 

— 
which, e corresponds to thi hich the 
a vertical prism of small tl 
— fl 
6 
— 
— 
— 
— 
5 
— 
— 
a m 2 ho, lies between two pervious deposits. (If the lower deposit is impervious, — fs 
80 
es aa < material is assumed to be saturated), and the water starts to flow toward © a 


! cach 1 horizontal layer is then under a stress, w, , termed 
excess.” The distribution of pressures evaluating w at 

this. time, t= ='G, i found from the methods outlined previously i in this pet a 


— 


q 


y 


(Clay Stratu 


- 


Fic. 11.— —CONSOLIDATION OF CLAY. 
the distance below the surface is mei asured by the vertical « co- acim” z, 


then the initial pressure distribution | may be represented by some function 
of 2, that i ‘is, for time, ‘= =0,w=F (z). At the upper and lower surfaces “the 
water escapes at once, so that ot these: | layers the hydrodynamic excesses s are 
‘zero at all times. Expressed ‘mathematically w = 0 for z = 0 and ‘= ho. 
At any time, & the excess pressure curve may be outlined by BMDC. At any 
; depth, 2, at which the total pressure is. Pr the pressure dev veloped on the a 
day skeleton is given by Pos and the hydrodynamic excess by w. The r: 
5 of escape of the water at this p point is a function of the permeability and the 
_ compressibility of the soil. A differential equation may be formed by taking 
ay very > small prism and ‘noting that the diminution of the volume of this 
prism must be equal to the quantity of water that escapes through | the six | 
faces of this prism. The equation Is x ull 


‘te which, c is the coefficient of consolidation. 2 A solution may be assumed 

in which, ‘the exponential base and B is a parameter to. 

Substituting Hquation (19), the required ‘relation between 


that one form of solution is, 


— 
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ard derivation of the previous and following formulas is found in Professor 
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To. introduce tr iiqnnetetete expressions replace y by iy, in which 7 is ) the 
imaginary reduces the typical solution to the trigonometric 


cos 


These are to be modified 80 § as to the conditions 
that, w = wo for 2 = 0; w = w, for z = Iho; and w = f(z) for t= 0; ‘in which, 

wo and |W; are constant values, generally zero. ae 

general eok solution subject to conditions is: 


w = Wo +( 400) 


| (2) wo) sin dz | (23) 
in which, m represents a series of integers starting with 0 and f oo BS 
‘Taking Wo and w, as both zero, 


With the value of w known, the rate of consolidation, Q, may be found as 


de. 
The average valué at any time, is, 


¥ 


— 


value of is, therefore, 


fo lows : The average value throughout the the layer the initial hydrodynamic 


assumption is that. ‘the p pressure. is ‘uniform and constant in value ‘through 


nwhich, 


— Lit 
— 
— 
— 
— 
a 
— 
— 
= = 
— 
— 
| 
Pole 
— 
— 
— 
— 4 
— 


of load that. may be by a expression, n, and it in 

- particular has developed ‘a concise expression for the important case of a 

_ triangular loading, together with an interpolation formula between this case 

For a triangular distribution of pressure, with the same V value of N (call 


‘If, in a given case, with a trapezoidal distribution such that ratio of 


pressure at z= 0 to that at z= i is v, then the interpolated value of N in 


Table 5 for a given value of Q is found by taking J times the difference 


TABLE Q AND N ror Use Sotvine Equations (28) AND (80) 


=| or OF Per- Vatuzs or || Per 
centage Nile e| N centage q centage 


solida- soli solida- solida- 


| 
tion, Q 1 


0.17 | 0.39 


the two of] N for 


this interpolated difference to the value of for Case | The values of J 
for corresponding values of 1 v, are, as f follows: 


‘b “tion; not the amount. is simply necessary to the coefficient of 
a} Lids 


consolidation. and substitute this value in the expression for N. Generally, 
4 the coefficient of consolidation, is ‘given in centimeters per minute; the. 
time, in years, and the depth, h, in feet. For the units thus described 

time, t, to any value of N, may be found from, 
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0.00 | 0.00] 0.00 || 0.30 | 0.55 | 0.50/0.84 |) 0.80 |1.40/1.66 
| 0.05 .40 .31 | 0. 10 || 0. 385 

0.10 | 0.02 | 0.12 0.40 0.31 | 0.55 0165 «| 0.84 1.10 0.90 2.09 
0.04 | 0.18 0.45 0.39 | 0.63 9:70 1.00 | 1.24 |} 0.95 2.80'3.17 
) 0-20 | 0.08 | 0.25 |] 0.50 | 0.49 | 0.73 0.75 | 1.18 | 1.42 | 
— 

— 
9) — 
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, that is, for any percentage | tho time to reach 
‘that s state varies as the : square of the thickness of the layer. Thus, as assume that 


a laboratory specimen of a cl clay layer, 0.02 ft thick, has: taken half a day 


to reach complete consolidation. A layer, 30 ft thick, would require ( —— 


days, or approximately 3 100 years to reach complete consolidation. 
‘The consolidation formulas, | quations (28) and (30), may be used 
‘determine the coefficient of consolidation from a laboratory | test on a sample. / 
A standardized form of procedure makes the determination of the time to 
reach 90% consolidation a favorable criterion for an accurate determination 


of the coefficient. i F rom Table 5, for a un uniform load (Case | 0), the - value of < 


The most satisfactory device | dev eloped to date for making | consolidation 


in clay is that illustrated in Fig. 12. The clay specimen isa ‘eylindrical- 
slice about (2f in. - in diameter and slightly less than an $ in. in thickness, placed 
: in 1 the eylinder (2) “betwee een two porous disks, one o of which i is held in a base 
(4), the other in a “moving piston (5). =) Both cylinder | and base are held by 
a clamp (3), the piston” moving freely. within the cylinder. = 


applied the ball (6), the split plate (7) assuring co 


ary 


Fic. 12.—CONSOLIDATION APPARATUS. pat 


The amount of shortening or compression is read by two Ames dials 


(shown dotted) held fast to ) the cylinder by a ring (9), the stems resting ona 
a bar (10) attached to the piston. — The part (4) isa | seal 1 ring for rubber pack- — 
‘ing to make ‘the joint between the cylinder and the base water- tight. While | 
za sample is being placed in the device, the pin (8) holds the a in the 


cylinder. © The e pin is withdrawn when the test begins, 


Al 

— 
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Pressure Distributions in Consoli-_ 
dated. —A load i is placed upon a clay layer that has not yet | reached complete 
; consolidation } prior to. the placing of the new load upon it, such as a fill or = 
river deposit. _ The approximate distribution of stress for this condition may — 
be noted by referring to Fig. 13. A clay layer of a thickness, BC, lies below | 


a deposit of a Agere A B. The =o of a existing in the solid clay 


r than one-half, 


The pressure distributions as given (34) are 
ficiently exact for : an assumption of original intergranular pressures prior to. 
the application of a load. intergranular pressure is meant t the net pres- 
‘sure acting” on the solid clay skeleton; that is, the the 


actual pressure at the and the hydrodynamic ‘excess. 


and, for 1 any rele a Tess than half, 


“ple example will illustrate ‘ta — JA foundation load of 2 000 Ib ‘per 


section, and 140 ft wide, lies | over. silt deposit. of ‘fairly recent 16 ft 
thick, Below the silt is a sand | lay er, quite old, 10 ft thick, and below that 


a clay layer, 57 ft thick « over rock. is “required to find the progressive 
settlement at the center of assumed that the 


The silt age being doubtful, it will be the clay. 50% 
- The schematic loading 
are given in Fig. 15. The line, A B 4 gives the ‘pressures. in clay 
to to its own line, B A gives: in the clay due 


é 
© 
able: For Q equal to or greate i 
| 
— 
Li 
— 


4 


= 


70' 


4 Sand (Old) 


to the e sand deposit. (All earths have been assumed to weigh 100 Ib per cu 
‘ ft.) The pressure due to the silt deposit on the basis that consolidation has” 

a reached 50%, gives a value of the lower pressure | of zero (Equation (34)). The 


line C C’, is then the pre pressure _ line due to the silt. The pres — at any 


_ oF Fic. 15. Ducax 


depth, % given by gg ae (12), , will determine the he distribution due to the 


‘epplied building load. © Pressures corresponding t to the various depths are, 


— 
a 
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Carty: The pressure distribution may be represented with eshonebis accuracy 
- a trapezoidal distribution. _The pressure line, D E’ (Fig. 15), gives this 


1965 Ib at the top of the’ to 3125 Ib at the Let it 
assumed that the coefficient of consolidation has been found to b be 0.0217 cm 
per min; and that a . pressure, voids- ratio series of tests have | given the undis- 
pading, the pressure at the top 
a is 1.8 tons per sq ft; at the joan layer, it is 3.35 tons. For the 
- former, the -voids- ratio is 0. 896, for the latter, 0.850, which gives an. average 
> Be ecnuges voids- ratio of 0. 873 _ After complete consolidation, the top load is 2. 28 


voide- ratios of 0. 


ver 


Byontion (16), is is 57 0.040 0.73 == in. 


- { The rate of consolidation is then found as follows: At the outset of load- - 
‘ing, top load is 1965 and the bottom load, 3125, giving the “ratio, 


= 0.63. From the list of J-values, J = 0.25. The | proper values of | 


oN for ‘each percentage 0 of consolidation is then one- -fourth ‘the “interpolated — 
5 difference between Cases 0 and 1 of Table 4 ‘The reduced | value of h is, 


the time, in years, corresponding to any ‘ales’ of N, is then, os 


ek Total progressive settlements may then | be compiled as shown in Table 6. 
It is seen that at the end of about 16 years, the settlement should reach 
45 in. For the sake of simplicity, the zero v — of time is taken when nm the 


TABLE 6.—Procressive Time Required FOR 


_ageof | Value of Time, ageof | Value vel Time, t, 
consolida- 25 N in ment, S,, 


O45 | 
0.075 


on 


on 


Crim 


i The preceding i is a skeleton analysis of. an actual case of a large building 


erected upon the deposit of the Charles" ‘River Basin near Boston, Mass. 


q Actual levels give a settlements, as follows: 1, year, 1 


BY 
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—— 
her 
he 
— 
fa 
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— 


= 


theoretical results of 0. 75, 3.25, and 4.5 in., respectively, in ‘Table 6. It may he 


a be of interest to analyze the actual foundation conditions to ascertain idles, 
in following : a certain procedure to minimize settlement, the ‘settlements | were 


specified testa showing refusal of the pile, under loads amine 


> than the final | load placed upon the piles. The introduction of piles produced 
two conditions not assumed in in the © previous analysis. The mechanics of. 


pressure distribution | is ‘different, since the load is no nae! placed at the 
surface, but is taken from | the piles in indeterminate amounts by friction. 


The action of piles in ‘clay is a remoulding effect of uncertain amount, 
“that the relation between voids-ratio and pressure must be taken from a_ 


rom a 
different curve: than that used. 


_ Wi arious conclusions may be made as to the action of the piles. They 1 have 
beneficial action os as they by- -pass the upper 15 ft of very compres- 
sible silt and, at least, transfer their load to sand. Below this, their 
a ‘was made by Professor Gilboy that the load 
transferred to the soil by a uniform frictional resistance and that to the 
depth penetrated by the piles, the clay was completely 1 remoulded. Modifying 
the foregoing analysis—using the Boussinesq equations: to sum up the pres- 
sures from the individual piles, and taking proper voids-ratios: from the 
-remoulded as well a as from the undisturbed samples | ‘(careful borings: were 
taken at locations near the building : and at various s depths below the top)— 
a maximum settlement, after complete consolidation, of 29.5 in. is indicated, 
Ww ith a rate of consolidation that follows closely the observed settlements to 
date. / If various | pressure contours are « drawn at several levels and a relation 

» tonne d between the pressure and the settlement at aj given period of time, 
pp ia contours may be drawn, which again agree with the observed settle- 
ments. It i is well to emphasize that since the first approximate analysis indi- 


cated a substantial settlement, a variation | of a few inches in predicted | set-_ 


-tlement, - depending on the exactness of the analysis, would not have a affected 
the type of design and would have still performed the useful function of 
indicating the seriousness of the he impending movement. 


ai The detailed analysis” of the p pressure distributions as as made by. Professor 


ee 


‘sure ‘distribution are at levels, 25, 55, and 85 ft below "the foundation. 
ertical section through the 1 pressure contours is also shown. The vertical 


ection shows that at a _ comparatively small distance below the foundation 


Cc — — 


25 ft) the ne surface loading loses its. isolated | character and blends into the 

effect of a distributed surface loading. © 7 On the. basis of these ‘pressure con- ‘ 

ours, using the local corrective factors noted, a contour of computed. and 1 


observed been plotted by Professor Gilboy shown in 


It is of course, to criticize the design” years 880, 
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(b) SF FEET BELOW 


4 Contours Indicate Pressures 

sin tb persq ft 


Figures on Footings Indicate 
Loads in inTons 


ot 


! ‘Footing 
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85 FEET BELOW FOUNDATION 


16. —DISTRIBUTION OF STRESSES UNDER 


burden of silt, resting the s spread - footings, or build | a 1 stiff truss 3s structure on 


the sand, using no piles. - Settlements would occur, of course, in the amounts 


indicated in Table 6, but provision could | easily be made for jacking the 
‘structure back to a level position as the e settlemen t reached stated amounts. 


The second procedure is to use open caissons, which is a rather costly process, 
or, better yet, use ‘substantial steel shell piles driven to the material below 


the clay. ‘The 1 use of such steel piles in similar cases is fast forming : an 


‘Analysis of Clay. —As it ¢ occurs in Nature, clay is a sedimentary deposit 


ihe up of grains of > varying shapes and sizes ranging from 0.02 mm 1 down. 
fo formation controlled by the deposit, of the 
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_ however, that similar mistakes are taking place in present foundation designs, 
despite the published data on similar failures. Two procedures may be 
e cated in. type of material: Excavate the over- 

| 675\746 7-675 — 
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(mineral-bearing or fresh), and attendant properties, Several 
A examples of deposits have been found in ‘which the formation is that of link- 

1 ages of coarser particles. These linkages are well consolidated and transmit | 
all the induced i epiamageocintaan within such linkages are masses of ‘unconsoli- 


ten Theoretical Settlement in inches ——— {Contour inten = 


Mat Map ‘SETTLEMENT or TYPICAL 


= 


oft 


dated When this ‘material is is remoulded, ‘either j in the laboratory, or 


Bu this type of clay. ‘Tt seems quite probable that all clays possess: this link- © 
age formation in some “degree so that a remoulded sample is quite different 
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from a sample taken by borings. An interesting sa1 sample of an extreme type 


In the use of stress-strain 
from compression tests on samples moulded a semi- state 


cP 
of Low Degree of Consolidation 


SS Flocculated Colloidal Particles 


one of High Degree of Consolidation 
‘Due to Local Concentration xD & "Silt Grain 
> 


18 ——STRUCTURE OF UNDISTURBED MARINE CLAY (MopIFICATION TIMES). 


a not justified in the opinion | of Professor Gilboy. such > 


diagrams are used the tacit assuniption is made that by starting with | the y 
material in a soft state and compressing it, the geological history of the deposit 

may be reproduced rapidly on a laboratory scale. ile. This assumption seems 
fairly logical and would be ‘substantially ' correct were it not for the fact that 
“the properties of the material depend | to a considerable degree upon the struc- 


ture formed in “Nature during of “deposition and ‘subsequent 


‘The building up of a stratum in is a very slow Process. 
grains are deposited individually, or in ‘small groups, forming a 
loose structure. a load were applied suddenly to such a structure, it would 
tend to cause a decided break- down; because that deposition proceeds 1 very 
slowly, however, | the pressure on any element in the mass increases at an 
almost imperceptible rate. Consequently, there i is a tendency for the original 
structure to remain ‘substantially intact, and ‘gradually to acquire sufficient 


to carry the over-burden. If, now, a specimen is ‘removed : from 


the deposit and thoroughly remoulded, ‘structure 
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‘material “will exhibit the same properties as the undisturbed 
‘The fact that there is some difference eeiaiia the he properties of undis- 
t urbed and remoulded clays has been recognized for a number of years. T 

6 great importance of this difference, however, \ was not realized until quite 
recently, when Mr. Casagrande had an opportunity to study certain: highly 
SS clays f from the ‘Valley of the St. t. Lawrence I River. _ The material 
in its natural state was almost rock-like in consistency, very hard and brittle, 


-—= ‘did not lose its hardness appreciably when immersed in water for many - 


‘months, When a piece was | remoulded in the fingers, however, it changed its 
consistency quickly to that of soft butter with a water content corresponding 
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‘esi This ‘anntned: behavior required a complete rev revision of the v various 


ideas previously held concerning the properties of clay. ‘ Tests were made on 


7. the compressibility of the poseeetiny- in the undisturbed and remoulded states, 
4 and here, again, , striking differences became apparent. curves obtained 


from one pair - of such tests are , reproduced in Fig. 19. _ The diagram shows» 
clearly that the break-down of the natural structure increases the compressi- 
bility tremendously. ~The break in the undisturbed curve is interesting 


~ because it affords close” idea of the maximum pressure existing in the 
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Fic. 21.—VIEwW OF SAMPLING MACHINE. 
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rom ‘the practical standpoint, these curves § are very They 


indicate, for example, that building loads of as much as tons per sq 
eould be applied safely to the clay without much provided the 
; On the other hand, if struc 


instance, excessive deformations could be expected under tine as low as a 
per sq ft; the rather important inference that, ‘instead of i improv- 


It was at once, « of course, ‘that the Laurentian 
- extreme case of structural effect. "However, the indications were 80 strik- 


a that it seemed reasonable to ex expect phenomena of a similar nature, but 


of a lesser degree, i in other clay deposits. An opportunity soon arose to test 


this idea” on Boston clay. A firm of engineers engaged i in the preliminary 
layout of a ‘power plant to be ‘built the vicinity of Boston. requested 
ine information a as to the probable rate of settlement of the structure. _ Most of 
¥ the site was underlaid by a deep bed of the blue clay which is 3 typical of the ' 

Boston District. « engineers ‘were asked to obtain samples at least: 3 in 


In spite of the fact that ‘no unusual precautions in the way of 


—— wy clay as a foundation material could: be obtained without some 


of the properties: of the ‘clay in its undisturbed "condition. 


Accordingly, attention was directed ‘to the elopment of new methods of 


boring, testing which which would | serve to make such 


Methods of Sampling. — 


disturbed, it became necessary to devise : a ‘machine that would only 
sae through the various materials at the type localities, but could also recover 


undisturbed samples for t tests. As the compression 1 machine used samples: 


8.25 in. in diameter, this dimension controlled drilling and sampling 
eqaipmest, and standard piping of requisite size ‘was adopted. Where neces- 


‘sary, “in. casing was used, which readily permitted the passage of 


ee tools, augers, ete., 5 in. in diameter, or less, which were used in 1 the work. a 


The first boring and sampling machine 1 was a small standard rotary ‘drill, 


as those used for shot drill work. operated a drill rod with 


ee the usual couplings. These couplings, i in turn, w were attached to a ailing 
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‘machine replaced by more powerful ‘one illustrated in Fig. 

. The rotary (8 in. in diameter) is operated by a 6 -hp gasoline engine 
— to operate at 60 ‘rpm. The elevating tackle is operated by an auxiliary 

winch. The chassis is 6 in. by 3 ‘ft. and the weight of ap machine is 1 500 
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allowing them to feed into “the hole, : is in Fig. 22. square 


‘ie top section of the drill rod, “known as the | “grief stem” is about 4 in 


- square. The plates rotating the rods are 3 in. by - 4 in., each with two holes, bug 
2 ini in a diameter, (103 in., center to and each a 


: ony — 
expedited the ill rods and 

— 
(9) — 
— 
2" Strap for Top “Eye” = 
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— 


to fit the ‘ “grief stem. » By this the related and 
connected. 3 The hollow rotary head allows the quick insertion of the drilling | 
and sampling tools. T The grief ‘stem is a square rod 5 ft long, with swivel on 
as shown, and a ‘standard drill rod and thread at the lower end. 
drill rods ‘were 10- ft sections Ly-in, extra strong pipe, with 


x 23" Machine Bolts 4 
with 1" Filler | Blocks 
"x52" studs 


Plate. 
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25.—SAMPLING TUBE. 


new "drilling tool was” as shown in Fig. 23. This tc tool 
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1G. 27.—Spiit TuBe FoR CLAY SAMPLES, 
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materials. | ‘The cutting clement of 5-in. pipe, 12 in. long, is removable, and 


penetration of the drill - in various formations. Tt is desirable to keep ‘the 
“I For drilling in clay, the auger bit dhowa in in Fig. 23 1 was vas found most use- 
; — ful. It is 2 ft 6 in. by 5 ft 9 in. —tapering to 5 ft 7 in. at the upper end. 
a The shank of the auger is a 1-in. ‘rod, 2 ft long, welded to the twisted part 

with the 1 upper end upset and threaded to fit 1}-in. pipe fittings. ‘The auger 
penetrated clay at the rate of 24 ft per min. _ Where the ground ‘penetrated 
was water-bearing or contained running | sand, a 6-i -in. casing was used. It was 
"essential i in this boring 1 work to keep. the hole dry, so that water would 
aid To « obtain undisturbed samples of the ia is the most important pa part of 
‘the o operation. ‘a _ The drilling | can be performed in various ways, providing 
that 5 water | is not admitted to the hole, or or that: the material is not disturbed 
in before sampling. y. The | details of the sampling tube e are shown on | Fig. 25 
. : and the raising of the tube i in ‘Fig. 26. It is in two ‘parts, a main cylinder 
4} in. in diameter and 18+; in. long, serewed into a cast- -iron cup which, in 
turn, is bolted to the drilling tool shown in Fig. 26. 
Within the main cylinder is a smaller tube split longitudinally and tele- 
; ‘scoped into ‘the main tube. The bottom edge. of the lining tube is shaped 
; with: a cutting edge. . Note that. a flap valve in the cast-iron cap allows the 
of entrained air during the sampling and prevents inflow of air ater. 
‘The en entire sampling ‘tube is lowered into the hole and driven into’ place 
by a 125-lb drive weight at the top of the rigid drill rods. The driving is 
carefully done and the sample | sheared off by twisting the drill rods’ | with a 
S pipe wrench. AD very slow and steady pull is necessary in raising the drill 
= through the first. few feet. The inner ye tube i is detached from 
the outer barrel by means of a small windlass. ‘The disturbed ends of the 
sample are cut off, the exposed surfaces are ‘quickly covered with molten 

‘paraffin applied with an ordinary soft paint brush. 
‘The sample is placed in a split tube shown in Fig. 27, and the 
annular space between the sample and the tube ii is filled with molten paraffin. 
A sample will be. preserved indefintely in the - split tube and ‘may be safely 
shipped. At present (1933), experimental work is under way to obtain 
a samples 5 in. int diameter; but nothing definite as yet has been accomplished. 


Recently, several manufacturers have | developed. machines that bore holes 
_ Several feet i in diameter. a These machines are powerful rigs operating augers 


They may be self- and mounted upon tractors and as 

nes. _ Such m machines ‘should be e valuable for obtaining 1 undisturbed samples. 

Men may be sent to the bottom of the hole to cut ‘samples—a_ good method 
Bee by the use of thin brass tubes driven into the ground by hand mauls. 
These tubes may be cut in desired lengths | and placed in the: consolidation 
machines. ¢ In - many cases | where borings : are not available | or are difficult to 


rate, “shafts ay be economically hand, , usin a sm small winch 
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to a over- -head portable tripod. Horizontal sheeting 
, may b be used + to penetrate sand, and vertical sheeting, 1 with iron s staves, for 
clay, as in the familiar Chicago well method. Samples may be gathered | 
at the bottom of the hole sunk by hand. — The rig necessary to sink pits by 
the Chicago well method is not costly, and shafts may be sunk for a few 
dollars per foot. The advantage of sinking an open shaft is that thorough 
ate of the material m: may be made in situ, and samples obtained at any . 
depth and in large numbers In this connection, it is well to emphasize the 


fact th that ‘several holes are necessary to give results: for. a large area. 4 


The Committee that it is s of the utmost importance to have the 


theory of settlements, even if based | on the soundest mathematics and labora-— 
Lh 

tory tests, checked as against observed settlements of actual buildings. For 

this purpose ‘it is necessary to have long-time observations, together with 

| reliable information as to the underground and the loadings imposed. — ‘It is 


‘ surprisingly « difficult 1 to obtain reliable settlement data of important structures. oa 


_ There is @ strange reluctance on the part of engineers | and owners to release 
a information for publication even when 6 
see 


the yet imperfect state of the science of foundations. In this respect there 

Fis ; perhaps a a large proportion of the Engineering Profession i in the same state, 
unaware that the | old simple rules- -of-thumb—so many 1 tons per square 
foot; so many tons per pile—have been proved over and over again to be _ 
jnadequate and in some cases” disastrous. With in mind Professor 


at 
‘Terzaghi | has gathered for the Committee records of several notable cases 
in Europe w which ar are "presented herein, including a few cases in the United 


ae In several notable cases, , the Committee regrets that it is not author- - 


ized to publish information i in its hands, or is not able to give the exact a 
of the structures in question. Professor Terzaghi has devised a compact 
method of showing the necessary information in connection with structures. 
f _ The Committee feels that complete records of settlement of existing struc- 
tures is: is the most vital factor in foundation analysis and, , therefore, it has 
| recommended for adoption the method of | keeping su such records as suggested 
x Professor Terzaghi. - Data on foundation behavior should be presented it in 
“a (A) A plan should be prepared showing the location of the . building a 
structure, with borings and bench-marks. The: results of test borings 
(B) A simplifie ed plan should be drawn of the foundation of the 


on. a mat; (2), ‘soil pressures per unit of area for the different ‘parts of the 
“foundation; and (8) ‘location of _bench- marks and reference points. Dead 
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should be indicated separately. Typical sections of the foundation may be 
added (with a minimum of details), including the geological cross- pat 
of the soil as obtained from borings and other records. 
(©) Results of soil tests, loading tests, ete., ifs any were taken. ie Te 
(D) Time-settlement curves for reference points and time- 
diagrams for the same period. 
various stages of the subsidence, : should be 


While the Committee has 


= eink and, for that reason, , only a a small part of it is worthy of 
‘publication. Data on settlement, of course, are very difficult to obtain. Due 
to. ‘the erroneous: assumption that well- designed foundation does not ott. 


any observed ‘settlement has been eed as a partial failure, s so that ‘neither - 


the owner, the contractor, nor the engineer cares to ‘publish the data. i 
The Committee publishes the following cases of settlement as | onveying 


more than the usual interest in such phenomena and as illustrative of char- 
7 


Case A.—A _Factory Building —T he dimensions of the building 


‘approximately 500 by 460 ft, carried on isolated piers r resting on piles v vary ring 
in length 65 to ft. The surface varied im (15 2.5 5 tons 


Fill Weighs 710 to 1230 ib per sq ft | 


Total Load 285004500 Ib persqft 
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at a depth ft. this was: a bed of stiff « clay, 
— 80 ft thick, with about 60 ft ‘of a mixture of fine to coarse mae inter- 


“thick stratum were e layers of ‘silt and. ‘recent fill. piles were 
en to satisfactory penetration, but settlement began at 
Professor Terzaghi made an analysis of the foundation as outlined herein, 

"determining the load distributions and the rates of consolidation at — 
- points. _ The curves showing time and load and time and settlement are 

¥ 

given in Fig. 28(b). The settlement at the end of two years has reached 

20 in. The ¢ computed and observed settlement contours are shown in ‘Figs. 

28(c) and 28(d), respectively. The agreement is again sufficiently close to 

confirm the made in the analysis and the uselessness of the 
Case B— —Ou Pe gee and Pumping ‘Plant A group of five tanks ar and 
pumping plant, placed unsymmetrically in . building adjacent to a tid il 
stream in the East Indies rested = spread footings. The so soil profile is 
shown i in Fig. 29(6). The observed settlements on one of 


an. 


Fic. 29. OF TANG oN ‘Turck Layer or Sorr C1ay, BELAWAN, JAVA. 
_ kept with great accuracy. The settlement is substantial, but was anticipated, 
- provisions having been r made i in both the machinery a1 and tanks for such move- 
ment. _ It had been noticed, in this ‘vicinity, that pile foundations showed 
great settlement and, in the in nterests of economy, mat foundations 
| - adopted. Loading tests on the ‘upper § sand layer would have been misleading. 
C.—Post- Office in Austria—The records here are unusually 
es covering a period of almost twenty- years. A layer of clay about 15 ft 7 
thick lies between two layers of permeable sand, and consolidation has caused 
settlement. of almost 2 ft. The profile: is shown Fig. 30(a), and the 
time: load time- settlement curves in n Fig. — Piles driven into 
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d 
D.—The foundation illustrated in Fig. 31 is one of frequent 
z occurrence in engineering practice and, therefore, dangerous because of the 
feeling of safety engendered by the deep ps ie: of the piles into a layer 


oarse Gra 


‘Settlement in Inches 


of sand and nd gravel. - Undoubtedly, the driving was hard, and the pe ) penetration 
formulas gav gave load capacities. The existence of the mud layer 
and its consolidation under superimposed load caused a settlement of almost 
1 ft in less than 4 years. The time- settlement curve is shown i in . Fig. 81(b). 
Too much emphasis cannot be placed upon the fact that. a load test upon a 
pile, or a surface-bearing test, is illusory when there exist strata of material 
that will consolidate under the lod. 


Case I E. E.—The - National Theatre i in the City of Mexico, Mexico (see Fig. a 

82) , is one of many , old public buildings that have experienced extraordinary 
settlements (as much as 5 ft), due to the slow consolidation of the volcanic 
- ash which « comprises the crater filling i in which the city is founded. i Only the 
ability to. experience a large amount of plastic flow prevented the complete 
‘destruction of many of these fine buildings. Obviously, piles would have 
added nothing to the stability the foundation (the layer ‘of volcanic ash 
is several hundred feet thick and saturated), and the mat footing was more 


than the pile all ‘the footings were designed to 
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Plastic Limit 77%; Liquid Limit 85%, 
a ‘Water Con Content 85% 
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.—SETTLEMENT OF TANK ON WOODEN PILES, DUE TO CONSOLIDATION 
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Fig. 82,— SETTLEMENT CURVES OF VARIOUS ‘THEATRE, 
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oe — F.—To illustrate both the behavior ofa a . foundation on a a consolidating 
materi ial and the effect upon the distribution of pressures of a very yield- 


= distributing mat, Professor Terzaghi undertook to re- -design the standard 
form of tank support and made pe: for careful determination of the 
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(8) DIAGRAM OF LOAD VARIATION THROUGHOUT TIME OF TEST 96 


ft Diameter of Tank (28 m)—t—f [|_| =o 


> (c) OBSERVED SETTLEMENTS ALONG LINE A-A ee “4 (d) OBSERVED SETTLEMENTS ALONG LINE B-B 
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ETTLEMENTS IN CENTIM wii (f) SETTLEMENTS IN CENTIMETERS 
‘Stage Il Operation A Stage I, Operation 
L LoaDING OF OL TANK, SHOWING DIFFERENTIAL SerrLeMENt OF 
UNDER UNIFORMLY DISTRIBUTED LOAD 
aliaiaias of the bottom of the tank. The tank is about 90° ft in Pon 


is 


(see Fig. 33). The usual foundation is a reinforced concrete circular mat 


resting on piles. The tank under ex experiment placed directly ‘upon the 


ring an ‘effective seal escape of 
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shown in Fig. 33(a), ma : 


reaneil the rim. The tank was ‘first filled with wa water, giving a uniform load | 
; of about 1 ton per sq ft ft. _ Later, it was emptied and then f filled with molasses, — 
giving a load of about 1g tons per eq ft. Data are not yet available covering 
he consolidation effect, but the deflections of the bottom are shown in Fig. 
88(c), Fig. , 83(d), Fig. and ‘Fig. The departure of the actual 
observed contours from the expected simple dome-like warping of the bottom 
_may be explained, as follows. The major part of the subsidence was due to 
lateral flow of the soil from the central part of the elevated stratum toward | 
the rim. This lateral flow is essentially responsible for the fact that the 
peripheral part of the tank scarcely settled. Furthermore, the hills or 
7 upward bumps in the bottom (marked thus: + — 83(e) and — 
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“seem to indicate parts of the loaded stratum are more or 


confined, while the peripheral parts: yielded. 
G.—The Washington Monument (Fig. 34) the longest 
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cord available. a Tey was originally planned to locate the Monument on 
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_ the intersection of the north 1 and ‘south; and east and west axis of the City of 
: Washington, but as the site was: it was on a sandy 


7 ton, ‘a load of 5 tons per sq ft. 


settlerment records prior to 1879 are available, but the original founda- 


Engineers, U.S.A. (later, General Casey), resumed operations. ‘The a 
_ foundations were underpinned to an area of 126 ft 5} in. square, oars 
skillful manner, and the Monument was raised to its full height by 1884. 

- During the process of increasing + the loa ad to 5 tons per sq. ft again, nm 
Monument ‘settled » subsequent 1885, another inch, and is probably 


still slowly settling, 
it was originally | assumed by General Casey y that the underlying stratum — 
was a solid bed of ‘gravel, but borings made in 1931 disclosed an oi 


bed of clay the rock, in thickness from 


the photo-e elastic method of investigating the stresses in  trans- 


parent plates of glass, cut to various shapes and loaded, has been used for 

many “years—great advances have been made recently throu; gh the improve- 

ment of apparatus and the use of celluloid: and bakelite. A leader in the work 
Professor E. Coker, of London, England, who published the 


= 
results of his researches i in form® and otherwise. 


neering Department of New York, a. red 
kian, Assoc. M. Am. . Soc. E, has made several interesting experiments 
to visualize the stresses acting in a foundation and its supporting ground. ie 
The controlling idea wé was to make visible the “bulb: of pressure,” n or lines of 
equal vertical pressure in the ‘supporting underground. 
f, By directing a strong beam of polarized light, obtained from large erystals 
of Iceland spa spar, through a sheet of bakelite (0.308 in. thick) loaded by a rigid 
: block of steel or by a flexible block of bakelite, an image is formed containing 
: color bands if the originating » beam is « of white light, or an i image ‘containing — 
— of black and white, if of one color. | ‘This i image may readily be 
"recorded on a photographic plate. Such an image i is shown, Fig. 35, in which 
the ‘effect of a simple spread footing i is observed. | Without entering into the 


theory of photo- elasticity it sufficient to state that the: bands, working 


= have the general shapes | of the “bulb? of pressure. — By wor 
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q ne observed settlements. ihe sand and gravel deposits are irregular and 
of recent origin. Fortunately, the Monument settled quite uniformly, ma 
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basic theory. that the bands” which correspond to shears are proportioned to 
one- -half the difference of the two principal stresses, the actual ee can 


would compress and control the settlement of the footing, both as to rate | and — rr. 
amount. bulbs indicated are comparable with those developed 


mechanics of pressure distribution and again illustrate why non- -uniform set- 


tlement occurs, since the pererare between two surfaces is far from uniform. 


Fi 


The 1 upper plate represents a rigid footing— plate the elastic 
ground or supporting medium. Although both ‘plates were carefully tem- 


ome 


‘elastic ‘material as is known. Note at a distance from: 


‘the. contact the loads are regular. Note, also, that the non- -uniform pressure 


_ To illustrate these phenomena a flexible footing (Fig. 37). was. vas prepared. — 


‘This is similar to the ordinary. individual footing carrying one e column or 
“concentration. Note the great variation in pressure—both in the supporting 
“medium and in the footing ‘itself. The slight flexure of the footing con- og 
tributed | largely toward ‘concentrating the load at the ‘center. 37 plainly 
indicates that the actual | stresses ¢ existing both in the e footing of this type a and 


in the underground are radically different from ‘those assumed to exist by the 
assumption of uniform — ‘distribution, 
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EARTHS AND FOUNDATIONS 
Fig. 38 was ‘arranged to show the distribution of stresses from a a 
‘footing to the supporting underground. three ‘steel ‘plates ‘represent 
three isolated footings. Note that the pressure bulbs immediately below the 
steel plates are reflected into the space between, that the reflected bulbs 
: are larger and dee per than the originating bulbs and act in a similar manner. ; 
All the upper bulbs, including primary and reflected bulbs, act together and 
create in the underground a large bulb which may be called the secondary 
bulb of pressure. _ Note that the great \ variations and discontinuities of the 
primary | bulbs are smoothed out and blended in the secondary bulb of pres _ 
sure. si ause of - great depth baal secondary bulb affects a large mass of | 


» 


Fie. 30. 


naterial and , therefore, if the underground is compressible the secondary bulb 
is is the controlling factor in the settlement of the structure erected on the bulb 
“pound or mat footing, Heretofore, much. attention has been devoted 
"investigating the variation in pressure or. stress immediately below the foot- 
ings that the main factor in settlement, the deep underlying stress formation, 4 


shad | been overlooked . Theory and experiment both indicate that there is ee 
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_ zone of discontinuity for certain depths below a single or multiple footin 


gir 
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not as good as plates. Figs. 37 and 38 both have application to pile footings. 

In the ease of Fig. 37 it is possible that two footings instead of three would 
be ample to distribute the load and would lead to the same secondary bulb 
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‘developed in the experiment. The two primary bulbs would create a reflected 
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Fig. 39, as applied to a pile footing, that spacing of piles 
¥ - beneath: a structure does not add to the total bearing value of the under- 


- ground; nor does it increase the size of the large supporting secondary bulb, 
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(b) DISTRIBUTION OF VERTICAL PRESSURES 


iv 


‘Scale of Distances in 


at 


its 


a 
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occupy 


the place of the bulbs and add nothing to the total. Indeed, by their 


“remoulding effects, they a are likely 
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which is the determining factor in settlement of the structgye — 


AND FOUNDATIONS 


has had ‘the time nor the resources to go the question of the | 
a proper spacing of pile footings, but all its work indicates that such footings i 


are often improperly used and that the spacing of the 2 pile units made com | 
close. 3 is strongly “supported by the many tests made com- 


prism through ‘different the | he stresses are 


6 ce. determined ; then from the color bands as evaluated from a calibrating beam, 
the stress intensities are determin ed. rom them, the vertical stresses 


isobars are computed. The resulting curves have the general form that results — 
- from the stresses computed by the Boussinesq formula, but it necessarily differs. 1 


rile w 
LA 


because the test” ‘specimen is a plate and not an indefinite solid of three 

dimensions. This plate formation should make the vertical unit pressures 
err the center of applied load, not inversely : as the sc square , of the oat 

tance from the applied load, but inversely as the distance. It i: is also modified 
a and flattened by reflection | from the supported lower edge of the test spe specimen, — 
No ote the great variation of pressure along the plane of contact between foot-_ : 
: sing and underground at A AA, and the zone of discontinuity between A A ol 

: : B and the regular shape of the bulb of. pressure below the plane, BB. The 


compression and distortion of the supporting medium between Plane B B and at 


plane well below DD should’ ‘determine the settlement of the footing above ee 


This report on photo-elastic work is given ‘mainly t to indicate its paeaibil- 


| — and to help visualize the phenomena of the distribution of stresses 


in a footing ar and in its supporting underground. _ It is realized that merely a  ¢ 
has been made in the “practical application the 
4 
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ae a ‘To indicate the possibilities of the photo-elastic method, Figs. 40 and 41 _ Ss 
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"STRESSES: IN REINFORCED CONCRETE TC 


at 


P. Verter, Assoc. | M. AM. Soc. C.E (by letter) The contributions 


to the discussion of this paper have been most gratifying. interesting 
~ points have been raised which were insufficiently or less clearly dealt with in 
the paper. a | This refers especially to the influence of Po Poisson’ 's ratio and the 
 liest of a difference in the coefficients of thermal ex expansion of concrete and 
The w writer wishes to thank ones who have thus, by constructive criticism, | 
i helped to make t the paper serve its purpose, that is, ‘to throw ‘some additional 

‘light o on a subject that has been much neglected. AW & 


Mr. Slack points ‘out that the thermal coefficients of for con- 
crete and ‘steel are not actually equal, as assumed i in t the paper. This assump-— 
of equal coefficients of | expansion was introduced purposely in order to 


facilitate the conception, of the rather than to 


cate and difficult clearly. Furthermore, the term, thermal 


of cement, with the richness of gay mix, _ and with the age of the ‘specimen. 


‘It is not A. same for increasing and decreasing temperatures, nor for wet 
dry specimens. Carefully executed tests * of dry "specimens, 90 days old 


have given; a mean value of 0. 69 x 10° for increasing temperature and © 


0.56 107 “decreasing temperature, as against a value for steel of 
a difference of 0.15 x 10° the coefficients for steel and concrete, 
_ §f as suggested by Mr. Slack, au high, but even so, the effect on the formulas — 
iw 


. NoTe.—The paper by C. P. Vetter, Assoc. M. Am, Soc. C. E., was published in 
February, 1932, Proceedings. Discussion on this paper has appeared in Proceedings as 
a follows: May, 1932, 5by. Messrs. Searcy B, Slack, Charles S. Whitney, and M. Hirschthal 
and September, 1932, by Messrs. Walter Dreyer, Ralph E. Spaulding, A, H. Beyer and 
A. G. Solakian, and Lester L. “To Jo © ton 
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Sy? VETTER STRESSES. I FORCED Discussion 


erete, respectively. Using numerical) values given: by Mr. Slack: 
— = 6.16 x t= = 5° °F, and, furthermore, when 8" = 300 |b per 


vy 


sq in., Ss = 50 000 Ib ‘sq in., = 30. 10°, and’ ‘n= = = 10, Equation (12a) 
gives: gx = 0.0064. Equation (43), 0.0067, ' The ‘difference is 


_ impressive bearing in mind that both 9’, and n may vary as much as 25% 


in carefully | conducted laboratory tests. 


' Mr. Slack properly draws attention to the considerable effect of a differ- 
ence between the thermal coefficients in a reinforced concrete unit which is” 
otherwise free to contract. This subject is outside the scope of the paper 
which deals” with restrained units only. Due to. the restraint, such “units 
subject” to quite different forces. Mr. Slack’s numerical calculations 


somewhat approximate. + ‘The exact formula for the steel tension in an unre- 


b = = 1870 Ib 
er sq in, as Mr. 2 250 Ib per s sq. in. 
Mr. Whitney lists a number of factors that have not been taken into 


7 account, such as plastic flow and variations of the modulus of elasticity ma 
the coefficient | of expansion the concrete, and concludes: 


problem is very much more complicated than the author’s analysis 
indicates, so much so that it can not be solved by the formulas = 
No general solution is possible for the variety of structures mentioned.” 


P ‘The writer fully realizes the importance of these factors, which have been 
disregarded in. his analysis. However, it should not be overlooked that these 
same factors likewise enter into and materially effect every design of every 
reinforced concrete structure. There ‘is no doubt but that the ordinary 
* methods used in computing ‘ ‘stresses” in reinforced concrete fall far short 


the conciseness that engineers are wont to demand when dealing with» 


other - materials; yet innumerable structures have been designed by the use 
of these short-cut methods, not because of ignorance of their shorteomings, 
but because knowledge of the factors enumerated by ‘Mr. Whitney is as yet 
80, vague that their inclusion in many problems: seems a wasted effort , and 
‘because the elimination of these factors does not endanger the ordinary struc- 


ture. When it comes to provisions for shrinkage and temperature variations, 


even a pretense of has been made and (what: is 
worse), structures by the celebrated ‘tule, _“three- tenths of 


failed utterly. in this respect, as every 


— 
‘developed in the paper 1s quite neghgible. For example, Equation (12a), 
q a temperature drop less 
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th going from E Equation (48), to the equivalent o of Equation (11e), i 


_Temembered ‘that the stress Py which fracture takes place is 


VETTER ON STRESSES IN REINFORCED 
be 


witness. The weiter has attempted t to ‘open this to discussion from 


‘rational and scientific point of 7 view and it is regrettable ‘that Mr. W Mi _ 


did not extend his discussion show how the factors mentioned by him 


could be taken into account for more design, 4 


‘Hirschthal raises a number of interesting points, discussion of 
which will help greatly to clarify the problem. — He ‘suggests that in a con- 

_ erete unit restrained in two perpendicular directions the effect of Poisson’s 

ratio will materially reduce the reinforcement required to control racks in 

either of the two directions. _Unfortunately, not Let it be 

assumed, as suggested by St. Venant, that failure of a material in tension 

: takes place when the elongation i in one direction has reached a critical value. 
Let it further be assumed that the unit considered i is both infinitely long and 

, infinitely wide, or that it is s equally restrained and equally reinforced in two 
- directions. — Then the stresses in the two directions must also be equal ata 

“given. moment the of the: unit t length, 
for a given str ess, f’c 


in is Poisson’ ratio. Bunion @ then becomes: 


| 


Equation and Equation (4) remain unchanged, and (5) 


ig strength determined on the testing machine; 
“4 
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 Se——- if 8’c is the breakn 
therefore, 4 


VETTER ON STRESSES IN REINFORCED CONCRE’ 


c 


corresponds: to Equation (10). ‘Inserting in ‘Equation (51) fe=Se 


and z w Se, which is the value that in Equation (49) makes L= : 00, Eque- 


; 


woe 


Arts 


The e value of for concrete is not established, but it is 
4; therefore, in a reinforced concrete unit restrained in two directions 
“A the reinforcement in each direction for shrinkage should be 38% gr reater 
“ than would be the case in 2 a unit restrained in only one direction. ios 


© 


xs 6 


1 of Equations (25) (0), it will be 

Equation (27). romain and Equation (30) becomes: 
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_ It appears to te a ie rule that in a ‘structure, subject to shrinkag 
and. temperature drop, which is continuous or restrained in two directions, 


the reinforcement. 3 in each direction should be ——— times the reinforcement 


- 
required i in structures that are restrained in only one 1e direction. This ratio 


Mr. further suggests that shrinkage : and temperature tr 


influenced by mes restraint exerted on the unit by 
1 against the foundation. TI 


effect. on concrete structures as those in ‘paper. Be 


- cracks have formed, there i is no movement of any points of the u unit. 


case of shrinkage the shortening of any element equals the due > 
a tension, and the same is the case for temperature drops. - When th 
reaches the breaking strength of the conerete, a -erack will | form 
conerete elements near the crack will move an infinitely small distance away 
from it. ‘Aside these small elastic movements, which canes directions 
on either side of the crack, there is no movement of the unit as 
It is inconceivable that friction, for instance, can | have any ‘appreciable 
fluence of this kind; it would be analogous to say ‘that a 
steel rod in a testing machine would show a 1 ‘measurably higher strength = 


because i it was surround d by sand which friction against the rod. 


= 


importance in "another respect “in that they cause a “concrete unit, 


which is not infinitely Jong or not absolutely restrained, to follow approxi 
“mately the same laws as those established for very long units. 


pavement provided with expansion joints, example, the friction may 


cause a comparatively. short unit between to act a restrained unit, 


nt 


In his closing remarks, the | ‘importance of 
concrete structures in order to minimize shrinkage; writer fully 
~ coneurs i in this, but the statement that curing for 10 days will reduce shrink- SS 
age to about one-f -fourth, is variance with» the data « obtained by other 
‘investigators. Fig. 18 gives— results of a representative ‘series of tests.™ 
ae on these tests it would require curing under water for about 80 days to _ 


obtain the reduction in shrinkage that was obtained by Mr. Hirechthal in > 


days. The writer would hazard the guess. that Mr. Hirschthal’s s specimen 
have not been under observation for a sufficient length of time. oe ome 


‘Dreyer makes most valuable contribution. to the discussion « of 
shrinkage and temperature cracks. The series of tests ‘conducted by the 
much cherished — that 0.3% reinforcement w will p 


that at 0.65% ‘of was, required for satie- 


factory construction,” are most gratifying, and the: writer believes 


bes other organizations and individuals had the courage to face the i issue in the ak. 
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4 same manner, considerable expense and ‘the construction of many “eyesores’ ins 
a —— -... Mr. Spaulding discusses i in some detail the effect of shri nkage on an mc 
vas, 
¥ . unrestrained reinforced concrete unit for the behavior of which he establishes he 


—— 


Be 


welling in Units per Thousand _ 


- 4 


ip 


Shrinkage in Units per Thousand 


SHRINKAGE or CEMENT Mortars, 1: SuBsecrep To WATER FOR 


‘Equation (39). Contrary to the opinion expressed by y Mr. Spaulding, this — 
equation can be obtained directly from the writer’s E quation (9), by making 


= 0, thus expressing that the unit is unrestrained. Equation (39) m “may” 


in which form it was. given, years ago, by Professor Emil 


Morsch.* Since Professor Morsch’s treatment is original, complete, : and gen- 


erally writer no reason for ‘including the treatment of ‘unre- 
“ae 
units in his paper” 698.0 tedt tailed hodariads 


Mr. Spaulding goes on to investigate the effect of ‘shrinkage on a rein- , 


forced. concrete floor-slab. Although: the. writer fully agrees with. the follow- 
2 Hisenbetonbau,” Stuttgart, 1920, p. 127.  . | 


% reference to Prof. Mérsch’s work on this “subject, “see Proceedings, Am. ‘Soe. 
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~~” 
ing: general statement of Mr. Spaulding: “ ‘It [the shrinkage] increases the 
‘negative moments “over” ‘supports, and, « of course, decreases the ‘positive: 
_ moments, causing much more of the load to be carried by cantilever action,” 
he does not fully agree to the numerical values assigned by Mr. ‘Spaulding to. 


this effect of shrinkage. The’ will produce a constant 


believes that it wil be along a a ‘path so 
from that suggested by Mr. Spaulding. oft span 94 
at Messrs. Beyer and Solakian have furnished, most successfully, -experi- 
mental proof of. one of the fundamental assumptions upon which the paper 5% 
was based. By photo- elastic methods they examined the ‘stresses in a bakel- 
ite unit ‘reinforced with an aluminum rod. Their tests” show conclusively 
that the bond stresses are ee to the ends of the specimen and that, near _ 
the middle, the s stresses n the bakelite and aluminum rod are constant. - 
That the increments per of longitudinal stresses near. the 
are not constant, such as assumed i in the paper, need not be cause for’ w vorry., 
The bond characteristics between bakelite and aluminum need not even 
"approximate those between ca concrete and steel. Ih this connection it 
“interesting to compare > the ‘results ¢ obtained by Messrs. ‘Beyer and Solakian 
with those of Mr. W. H. Glanville for the Department of Industrial and 
Scientific Research, i in London, England. With the aid of an elabora 
extensometer arrangement Mr. Glanville measured directly the distribution 


the strain in La steel ‘encased in a concrete unit subject to shrinkage. 


One « of his. diagrams is shown in Fig. 19. Tt is . seen that the increment. per 


Center of Specimen| 


— 


4 4 
4 
_—§ braically, the moments produced by external loads. The enumeration of this’ 4 Pee 
— 
— 
| 4 
— 
— 
Fg, 19.—Strarn 1n a STEEL Rop ENcASED IN A CONCRETE ‘UNIT 
SuBJECT TO SHRINKAGE (FROM TESTS BY W. H. GLANVILLE). 


STRESSES IN REINFORCED CONCRETE 


n the steel - is almost exactly constant near the end 

specimen. ‘and x zero near the middle. 1976 
puzzling i in the teste’ by Messrs. er and ‘Solakian is the distribu- 
stresses, over the cross- “section of the bakelite 

Fig. 16). difficult, tou ur nderstand why, near the ends of the 


In this” rod’ 48 -the stress-pro- 
lucing agency and it would be expected ‘that the ends of the specimen would 

e slightly conical with the apex at the center of the rod. Since the strain 
is greater near the rod, the ‘stress should likewise be greater at this point. 
i It would have made an interesting check on the stress distribution had 
actual shortening of the aluminum rod been measured directly. 
a The writer learns with the greatest regret that Mr. Meyer, who had also 
contributed to this’ discussion, "passed away after a short illness on December | 

27, 1932. Mr. Meyer’s discussion was | clear-cut and to the point. He con- 
tributed the results of tests conducted by the Los Angeles Water Department, 

from which he deducted some interesting conclusions. alg: evident that 


Mr. the profession has lost an able investigator. ted 
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OCIETY OF CIVIL. 


NSATED ARCH DAM 


By A. KARPOv, M. AM. Soc. C. E. pornos. 


y V. Karpov,’ M. Am. Soc. C. E., (by letter).™ —These_ seems to be 
school of highly. theoretical engineering thought that is based 

the postulate that assumptions should.be made to coincide with theoretical 

4 ideas, whether or not they are in accord with practical conditions, 


The discussion by. Professor Kalman is based on such a postulate, The 
¥ last sentence of his discussion i is all thet 3 is necessary to bring out ‘a — 


é it can an never be built as as a monolithic structure as is long as engineers are limited 


this point, it is ‘only necessary to. observe the behavior of the vertical con- 
"struction joints at the up-stream and down- stream faces of an arch dam at 
different loadings. _ Such a dam can be built only as a number of adjoin- 


ing loose blocks or piers, and the question at issue is how to make the — 


artve 


design under ‘such. limitations. | The purpose of the paper was to give the 


"theoretical: answer to this question. answer may be summarized as 

follows: Keeping the thickness of the horizontal arches uniform, and shap- 
them: so as. to suit. the topography of the canyon, it is possible, theo- 
retically, to build a dam without bending AR in the horizontal arches, E. 
if an infinitely large number of very small V- rehnned vertical ste is a 


distributed over the horizontal arches. eal 


. Professcr Kalman agrees with that theoreti 1 
methods used in the paper are too formal and ‘cumbersome. He proves by 7 
tebeiied of different methods, that ¢ must be constant and that Equations (67) 

(68) correct, but he invariably prefers his own methods. 


he points out that the solution. of Equation (71) is wrong and, consequently, — 


Norp.—The paper by A. V. Karpoy, M. Am. Soc. C. E., was published in April, 1932, 
0 Proceedings. - Discussion on the paper has appeared in Proceedings, as follows: Octobe 
1982, by Messrs. R: A. Sutherland, Lars R. Jorgensen, L. T. Evans, and H. W.: Sibert 
March, 1933, by Eugene Kalman, M. Am. Soc. C. 
Designing Engr., Hydr. Dept., Aluminum Co. of America, ‘Pittsburgh, Pa, 


AM E RI N G I N E E R S 
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§ 
t 
<a 
* _ objection 1s that 1t has nothing to do with the subject under discussion. No- a 
a 
q 


Equations (71) to o (85), inclusive, must be corrected. ‘His statement that 


— = 0, holds true only as long as de foundation deflections are such as 


on of the abutments. — ‘Although he he already has proved 
ue Equation (68) by his own — he questions Equation m (70) , stating (see 
s of two 

“functions given limita does not imply the identity of the fune- 


ions.” That is a correct mathematical statemen nt, the | only ‘objection being 
aat 


identical at value of limits, the functions are identical. 


reasoning by which Professor Kalman compares ‘the idealized and 
“actual methods in which an n arch ‘deforms is a proper general statement, but 
has very” little to do with a compensated arch dam. No matter what the 
_intermediate conditions are, the stresses and deflections of an arch dam are 
; eh ‘ defined exactly by the final conditions, | provided the elastic limit i is not over- 
and the deformation proceeds without ‘slippage. | 
an ordinary dam, considerable shearing forces are developed in the 
“Ydrigsintal arches, that may ‘result in two adjoining blocks slipping one with 
respect to the other. In a compensated dam, properly shaped, the develop- 
4 ment of shearing forces of any magnitude is practically excluded. Of course, 
3 the ‘uniformity with which the hydraulic load is applied, is an additional factor 
makes improbable any slippage in a compensated dam. i 4 

In his discussion of the practical aspects of compensation, , Professor Kal- 
man approaches the subject in a highly theoretical ‘manner. Apparently, he 


— 4 thinks that there are definite limits t to the size of the vertical V- shaped joints; 
but from a practical point of view, there are no difficulties with age’ to 
their construction. An open joint was assumed in the original ‘paper, 

- order: to simplify the theoretical ‘proof, but it was also stated that in the 
actual construction of the dam closed joints are proposed and elastic fillers 
are to be used. Fundamentally, it simply means that the dam is to be com- 
“posed of two kinds of materials—one, the concrete of the main body, having 
a high modulus of elasticity, and the other, the V- shaped inserts, having a 
lower modulus of elasticity. ‘varying the thickness of the inserts and 

he ‘modulus of elasticity, ‘of’ the insert material, any theoretically desirable 


_, One method to accomplish this result would be | to use sheets of compres: 


For “instance, if tar paper is used, the thane’ ob the joint filler 

ve by the number of sheets, and after the dam is loaded 

a part of the dam. Regarding compensation 


7 ity of compensation owing to the impossibility of forming thin V- shaped 


The entire matter of compensation singe be treated like “many other 

engineering problems, ¢ on th 
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to make them — the moments sah zero o at ‘the joints, with the } pos- 
— “of the arches’ 


Mr. Evans and Professor Sibert do not agree that a uniform thickness of 


horizontal arehes is theoretically necessary condition. Mr. Evans in 
en error when he derives ‘Equation (93) ; the moment, Mey at the ‘point, ZY, 
is s due to all the loads applied at the up-stream face of the arch and, as clearly ; 


shown by (8), must be a summation of the moments to each 


“dt it Equation (100). _ This equation cannot: be integrated in its general shape, 

mt) Yu 4 


ii 
The foregoing covers also. the points aised by Mr. Sutherland. 
"ie Jorgensen raises an interesting freer relating to the ‘ ‘water- ater-soak- 

effect” and the differences in behavior between wet and dry conerete. 
The writer believes that in an arch dam a number of important secondary 
be considered, but nevertheless the prime factor is the e elastic 


of the dam and its foundations. rational is only 


behavior—and next, corrections are made to cover of secon- 


Jorgensen’s. 8 reasoning leads to ‘the conclusion that, since enough i is not 
cir _ known about the water- “soaking effect, the fundamental elastic behavior of the 


-_vertical elements of the dam, as well as the foundations, should be neglected. 

e Such a conclusion can scarcely be defended from a theoretical point of view. is) 
: From: a practical standpoint, the introduction of a phantom design by assum- 
ing that ‘the acts” as a number of independent horizontal arches, isa 
short-cut that results in a decidedly inferior structure. mies 

on The experimental study of the water- -soaking effect is of considerable inter- 


est, and such study could be made by comparing the behavior of an actual 


arch dam and a model made of material that excludes the. the 


some e quantitative about the ‘influence of this effect. 
it In conclusion, the theoretical status of the compensated arch dam is not in 
changed. __The discussion centers on the objections in the practical applica-— 


tion. 2 ‘Tt’ is “only n atural that an ‘attempt ‘to. introduce radical changes 
design. methods will ‘with considerable opposition, but if the 


| 


ut theoreti heoretically, to have perfect 
a _- pensation, an infinitely large number of V-shaped joints would be required. ge [i 
ne 
yy’ 
iim 
Professor Kalman regrets that the original paper does not contain more 
about the actual design of a dam for a given canyon section. The writer 
© believes that it is undesirable to include in a theoretical paper (which hasa — 
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eis By O. H. AMMANN, M. AM. $eG..C..B 


aa Bridge : are gratifying. - Undoubtedly, | like the writer, Mr. Howard has strug- " 
to extricate h himself from the maze of structural conceptions which again 
¢ tag a and again appear to. grip the imagination of the engineer and lead him - to n 
devise complicated, and sometimes abortive, solutions. 
mo." % _ Time is an important factor i in the mature development of | the design of 
an important structure, but, unfortunately sufficient time is often lacking. 
Structures have. been put on paper hurriedly, sometimes, not even to scale, 
and from that _point constructed with amazing speed in the field, with no 


thought of | esthetic conception or refinement in design. “It is to be hoped 


O. H. Ammann,” Am. Soc. C. E. (by letter).”*—The writer ‘appreciates a 

a _very much the valuable contributions and the complimentary comments on his . h 

paper. The excellent exposé of the fundamentals in bridge design. by Mr. 
; wi : Howard, and h his recognition of their application to the George Washington - 


4A that the era of driving prosperity will have taught a lesson in this respect ge 
or and that in the future engineers will be able to proceed more deliberately in JR 
the conception and moulding of important structures. 
Mie Howard ‘wonders where 50-000 000. more vehicles. to cross the Hudson 
River annually will operate in. Manhattan... ‘This ‘figure appears impressive, 
when this is compared with the of annual vehicle trips to ‘and 
Manhattan across the Harlem, and East Rivers, which is. more than 
re. Zz 200 000 000, and with the still vastly greater number of vehicle trips localized of 
Manhattan, the figure becomes almost insignificant. 
Moreover, unlike the commuter traffic, which pours into ‘Manhattan during or 
by a few hours in the ‘morning and. leaves. it. similarly in: the evening, ‘the b 
paper by O. H. Ammann, M. Am. Soc. C. E., was published in August, 
1932, Proceedings. Discussion on this paper has appeared in as follows: 
November, 1932, by E. Howard, M. Am. Soe.'C. E.; January, 1933, by C. Schwarze, 
er Am. Soc. C. E.; and ‘February, 1933, by Messrs, "Gustav, ‘Lindenthal and Harold M. 
Engr., The Port of New York ‘Authority, New York, N. ps 
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vehicular traffic, across. ‘the “Hudson River is more uniformly distributed, and 


» almost throughout the day one vehicle leaves Manhattan to every one that | 
Additional Hudson River ‘crossings tend to increase traffic circula-_ 


tion; they not only impose traffic on the but they 
+ T he increase in number of. vehicles across the Hudson ‘River will come 


not so much from increase in population, as Mr. Howard assumes, but by far : 


the greater proportion will come from a spread | of population to the ‘suburbs | 
: and from enc: ouragement oft more frequent | use of motor vehicles, both induced 


by better hi ghway facilities. hese, facilities for. traffic: in and. out of Man- 


hattan in all directions are far and economical to meet 


pet distance, traffic which , while y yet ‘unimportant, as Mr. 


properly recognizes, is bound to assume voluminous proportions in course of 


mportance- of adequate “highway 


ta 


4 
2 the 4 i 
approaches | ca annot be appreciated too ‘strongly. = Developments i in ‘the future 


justify even more elaborate and advanced arrangements than those that 
had to be adopted for the ‘George W: ashington Bridge proveding 


The writer is poo wer by the emphasis laid upon the esthetic side of | 

bridge design by Professor Schwarze and his a acknowledgement of the efforts 

in this respect in the case of the George 

¢ ‘more ‘particularly the naturally imposed length and proportions of spans and . 


i= relation to topography, were not conducive to rendering this bridge 


structure of outstanding beauty. esthetic ‘merits the George Wash- 
ington Bridge are, in the opinion, due to struc-_ 
‘design of the which has called views and is of 
esthetic effect. Undue weight has been attached to it in some 
criticisms. may nov be fully appreciated by viewing the bridge from 4 
distaniée, in its setting. in the landscape, the proposed covering of the steel 
with masonry would | scareely alter the picture and the writet, judg- 
ing from the architect’s perspectives, does not share the concern of Professor 
Schwarze that such encased towers might appear too slender and weak. The 
“outside proportions « of the towers, whether they were. to remain bs are or were 7 
_to be encased, were purposely selected with a view to expressing their function — 
carrying an enormous. load, but without producing undue massiveness. 


for the steel ‘towers as they stand, or for encased 
0 


riginally proposed, is ‘entirely | one of individual taste. yitredial, 


The writer is indebted to Mr. Lindenthal for his very interesting ‘and 


“valuable contributions to the history of bridging the Hudson River with | _ 


which he has been’ so. intimately connected and which centers itself largely 

ground his own untiring efforts. od yar foe [lite al 


Mr Lewis calls particular attention to the suitability of the George Wash: 
Bridge for railroad ‘services in ithe: early” studi2s 
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"embodied in the Regional F Plan of the City of New ¥: York and Its Environs. . 


_ The writer is in entire sympathy with this idea and provisions in the design 
f the bridge will make it feasible to carry it out, at least to the extent of 


or 


providing four, possibly six, ‘rapid transit tracks. ‘The extent to which bus” 
~passeng er traffic over r this bridge is ‘constantly increasing in volume is evi- 
_ dence of a demand for this service, which eventually, however, will assume 
proportions that cannot be served effectively except by | rapid transit. Tee 
v3 The diagram of vehicular traffic a across the Hudson River ‘presented by] Mr. 
Lewis (Fig. 26) illustrates. a phenomenon that has been manifested } prior ot to 


‘the present economic depression in almost every instance of a new transporta- 


‘tion artery in and around New York City, namely, that estimates of traffic = 
volume remained far behind actual developments. he The Port Authority Staft 


has had to increase its forecast estimates of Hudson River traffic repeatedly. 
The revision made in 1930, based “upon traffic trends at that time, is illus- 
trated | in Fig. 8 of the writer’s paper. The depression. has put a stop to the 
"accelerating increase and its, effect will undoubtedly be felt for “many years 
come. review of its: estimates in September, 1932, has led the Port 
Authority Staff to forecast traffic that is between the rate shown in Fig. 8 


and that in Fig. 26 of Mr. Lewis’ discussion. | Fig. 27 was prepared in Septem- , 


4 


Fie. (27.—RECORDED AND ESTIMATED ANNUAL VEHICULAR TRAFFIC FOR ALL 


s ber, 1932, and should be - compared. with Fig. 8 of the writer ’s paper which 
the traffic estimates made by t the Port Authority Staff in 1930. The 
traffic , data represented in in Fig. 27 formed the basis of the application of the i 
Port. Authority to the Reconstruction Finance Corporation fo for financing the 
Midtown Hudson Tunnel at. 38th. Street, Manhattan, as a self- ‘iquidating 
project under the Emergency Relief Construction Act of 1982. das ele 
~The writer r agrees with Mr. Lewis” that the ‘Regional Plan forecast for 
1950 is still conservative and m may be regarded as a minimum ¢« estimate. eee 
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FORESTS AND STREAM FLOW 


CHARLES H. LEE, M. Am. Soc. C. E. 


Les H. LEE, “M. Am. ‘Soc. (by letter). authors have pre- 
‘sented a thorough | convincing of the effects of deforestation by 
cutting, and denudation by fire, respectively, upon the stream flow of 
small mountain water-sheds. They have done well ir in distinguishing between 
BE deforestation by cutting and denudation by | fire, because the destruction of the 
litter i in the latter case constitutes a fundamental difference when con-— 
Although much impressed by the conclusions respecting these two water-— 
| sheds, the writer does not believe that the same conclusions can be extended 
indiscriminately, to other water-sheds. J ustification for this statement appears 
Hf when it is found that differing causes produced s similar results in the two 
water-sheds. under consideration. For example, the writer recently examined 
precipitation data carefully observed during a 4- -year period at eight stations 
_ && in an area of mixed coniferous and deciduous forest trees, which indicate a1 an i 


" gleaciaigh interception of rainfall during the summer months of 22 per cent. 
This percentage would fully account for the 12% increase in summer stream ‘ 

flow from the -Wagonwheel Gap area after deforestation, even allowing for 
-errors: due to leaf drainage, ete., since this flow is derived principally from 


= 


copious sumimer ‘storms (Table 2). At Fish Creek, | on the other hand, sum- 
i _ mer rainfall: is practically ze zero, and stream flow is derived entirely from 
water storage. The cause for the average increase in summer 
ia “stream flow, amounting to 65 acre-ft per annum (Table 9), can here be entirely 
” _ Nore.—The paper by W. G. Hoyt, M. Am. Soc. C. E., and H. C. Troxell, Assoc. M. 
it) Am. Soe. C. E., was presented at the Annual Convention, Yellowstone National Park, 

4 Wyoming, July 6, 1932, and was published in August, 1932, Proceedings. Discussion on 
this paper has appeared in Proceedings, as follows: September, 1932, by C. G. Bates, ods, - a 
November, 1932, by Messrs. J. E. Willoughby, and A. L. Sonderegger ; December, 


by Messrs. J. C. Stevens, Harry F. Blaney, Daniel W. Mead, Ralph | R. Randell, 
Barrows, Donald M. Baker, Ralph A. Smead, and George H. Cecil; February, 1933, - ms 
Messrs. C. W. Sopp, and W. B. Rowe; March, 1933, by Messrs. W. C. Lowdermilk, Rhodes 

E. Rule, and Robert E. Kennedy; and April, 1933, by. Messrs. Herman Stabler, and H._S. Bp ** 7 


Cons. Hydr. Engr., San Francisco, Calif. 
by the Secretary April .7, 1933. 3 63 
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N FORESTS AND" STREAM FLOW Discussions 


eer y for by the burning of riparian vegetation which extended along ag: 
stream: channel for fully ten ‘miles (see Fig. 13). In other words, similar 
_ changes: in stream “flow. resulted from entirely different causes. Further 
search ‘might disclose other instances of. apparent but ‘not real agreement in 


the results for or the two water-sheds. 


ae ‘The w: writer | is firmly of the opinion t that « correct general conclusions cannot 
. reached by taking into consideration forest and stream- am-flow data alone, but 
that all te hydrologic elements which influence stream flow must also be | con- 


sidered. « of these elements are generally recognized, and may y be briefly 


Precipitation upon a water- -shed finds disposal from the area either as 
water- shed losses, stream flow, or sub-surface leakage. WwW ater- -shed losses con- 


sist of (a) evaporation fr om leaves and branches by interception (immediate) ; . 


(6) evaporation from the soil (within 10 to 18 days after a storm) ; (ce) 


evaporation from snow on the. ground (within 2 to 6 months after a storm); 


(d) transpiration from vegetation (during growing season) ; and (e) evapora-_ 
tion from permanent water, bodies, if any (continuous). Moisture that sup- -— 
plies transpiration from ° vegetation is derived from water temporarily absorbed 
by the soil, which remains within the Toot zone the growing 

Stream flow is from immediate surface run- flood flow), 
is and f from water permanently absorbed i by the soil which penetrates below the 
7 zone of plant roots and joins ground- water - storage at the. water- table, reach- 
ing stream channels: later as ground-water discharge (normal or low-water 
7 flow). _ Stream flow as measured at any point in the channel i is a net quantity. 
after deduction of channel losses, of which transpiration | from riparian vege- 
tation is usually the most important. . Channel seepage losses. may also” be 
important where the channel is permeable and does not cut. the water-table. 
Sub- surface leakage is a. function of resetting formation, and. with an a oat 


“meable bed- Fook i is negligible. » bats face 


characteristics of water- sheds, such as meteorology, ‘vegetation, 
soils, ar and. geology, all-have an influence 1 upon stream flow, and also that several 
are | ‘inwolved, among which are evaporation, transpiration, 


- 
a 


receiving 1 mntich attention, while ‘little. study has given to absorption, 
Absorption may be defined as the processes by water. enters the 


ans These processes 1 include flow into sink holes, influent seepage, absorp- 


— 


| 


tion by expillary films, hygroscopic absorption, and inflow of 


— 


is directly ‘related to: round: water which main- 


ae of Absorption. —What bearing ¢ ‘to the rate of. absorption have upon 


forests to immediate surface run- that ‘the rate 
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far as forests ‘increase’ soil permeability, they decrease immediate. 


run-off, , and to the’ extent that they decrease soil permeability they ‘increase 


such: run-off, Forests growing i in highly permeable. soils: free from clay, such 


‘than 4% and « even pure ‘silt, ‘such as ‘certain. deposits; have 


little or no effect upon surface run-off. ae orests growing upon impermeable ~ 
soils and: ‘those which’ contain more ‘than 4% of clay, however, have an 


important effect upon surface run-off by ‘decreasing it as a result of increasing a 


ul 


> permeability of the soil. They accomplish this through the agency of 


roots and forest litter by the following processes: Ob Tp 
sit 


9 2.—F orest litter promotes the growth of soil fauna, ‘such 2 as worms, bacteria, 
= 


ete. which are very effective i opening up an impermeable soil. 
-3.—Forest litter provides | a source for humus, which is of greatest impor-_ 


tance. in “opening a clayey soil, not. only mechanically by with 


7 inorganic soil particles and separating them, but chemically by the production | : 
the process of decay) of solutions which, acting conjunction with 


natural. lime in the soil , facilitate flocculation or the assembling of clay | 


4.—Forest litter protects inorganic particles from disturbance by the 


- impact of falling rain drops. or by the movement of ‘flowing sheet water, and 


thus prevents the clay from segregating out into suspension with a resultant — : 
sealing action ‘upon a soil which, although originally more or less impervious, _ 


ion been opened u up by Processes 1 to 3. As an. illustration, a suspension of 
colloidal clay will completely seal a column medium beach ‘sind 


“having a weight one ne hundred times that of the ot 
‘orest litter r protects the surface of the clayey soil from conelidation 


The ‘of consolidation of very marked upon ite 


“inally, forest’ litter prevents erosion with its destructive effects, not 


“alluvial filled 
‘important ground-water resources these valleys. is to be’ noted, 
a - that brush or grass may be’ as effective as forest litter in preventing erosion. 


Potal: Quantity Absorbed. <The. quantity of. absorption is not 
only on soil permeability, but also on the amount. and distribution of rainfall — i 
during: the annual ieyele, the storage capacity of the soil, in the zone of a 


aeration available for plant discharge, and the transpirational r requirements sof 
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-_veestation. Of the total quantity absorbed, a a portion, 1, which may be. somal 
temporary absorption, reaches only. the zone of aeration from which it is 


back and escapes. into the atmosphere by evaporation from moist soil 


or transpiration from “vegetation. The remainder is permanent absorption 
which. penetrates to the water- and enters the zone of saturation. 
“latter is the ground- water storage which feeds stream flow. 
‘tlds Soil moisture research with partly saturated soils has” shown 
that movement of water through capillary films not within the capillary 
fringe. of a water-t +table i is so slow ‘that re- adjustments do not take place during 
= annual cycle. 


result, downward movement of water ‘through 


Tests in brush-covered areas of sandy and 


‘ir in Southern California to determine total deficiency i in moisture content. 
within the 3 root zone pow to 18 8 ft) at t the end of ‘the dry s season, » indicate values 


penetrate the root zone. Data obtained by the S. Geological 
vey in Central California have been : analyzed by the writer, which indicate 
that for uncultivated fine sandy silt loam soils with natural grass and weeds, 
a depth of approximately 12 in. is required. No data are known to be avail- 
able for ‘mountain | water- sheds v with either brush or forest. The steeper slopes. 
, tend to cause surface run-off prior to full satisfaction of field capacity, while 
* “athe shallower soils tend to reduce the available storage capacity in the soil. : 
it is believed that for most ‘mountain: water-sheds the is between 


thus apparent in a semi-arid region a ‘considerable quantity of 
ee rain must fall before permanent absorption can commence. Tn fact, in regions 


where the average rainfall is between 12, and 20 in., it is probable that accre- 
tions: to ground-w: water | storage ‘through deep soils supporting | natural veg 


tation -oceur only in wet years. It should be. recognized, however, that in 


irrigated | areas permanent absorption from rainfall occurs when considerably | 

_less than these quantities have fallen; also, that in shallow soils which are less — 

in depth than normal root penetration ‘and are underlaid by bed-rock, or other 


impervious formation, gravity water may begin to accumulate | at the bottom 
of the soil column and | a 1 water- table may form when lesser aggregate mae . 


that yielded by cracks, joints, and fissures in the bed- rock. The quantity 
contributed is controlled by the. length, alope, and permeability of the inter- 7 
--vening soil path. In view of the very slow movement of sub-surface water, 
the amount of such contribution i is limited to that yielded by the lower ‘slopes a | 
thee from | upper slopes being intercepted and transpired during ‘the growing 
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hil (B) Under humid conditions, forests and other vegetation growing upon — 


Turning again to ra the following applications can be made of thes 


(A) conditio ons, vegetation has no “effect upon -_ground- 


contribution to the summer flow of streams, except that. roots of riparian, or 
stream- border, vegetation discharge ground-water that enters or leaves sur- 


ace channels as influent or effluent seepage, and thus decrease the flow. a 


by tan soils decrease ground- water contribution to normal and low-water 


; om Summarizing ¢ this discussion, and with p: particular reference to absorption: 


transpiration supplied by rain which falls during the growing season is largely 


Bee depletion varies from 8 to 14 in. for brush on deep sandy soil in- 


by ‘increasing » of de soil, ‘and in ‘clayey soils may 


actually increase normal and low-water flow. 

Under semi-arid conditions (wet winter and dry forests 
- _and other vegetation. growing on deep soil decrease ground -water contributions — 
to summer flow by - transpiration as compared with bare soil. As precipita- 
tion and melting snow in such regions occur principally during the dormant 
when transpiration is very slight, the decrease is less than the trans-— 
piration requirements of the sp na cies. > The measure of the decrease is approxi- 
‘mated by the quantity of | soil moisture within the: zone and between 


field “capacity and wilting “coefficient. This follows from fact that 


le. 


an offset against evaporation from bare soil during the same period. — The 


alleys. These li limits would be less. for shallow soils and for clayey 


1.—Forests decrease ‘immediate surface run-off from precipitation: 


(a) By ‘interception and evaporation from foliage, especially in summer; (6) 
by retarding the rate of melting snow lying on impermeable soil or rock; 


and (ce) by increasing the permeability a and, hence, the rate of absorption of. 7 
containing m more than approximately 4% of clay. 


2.—F orests have no 0 effect upon. immediate garface run-off from precipita- 


tion oF melting ‘snow when gt growing highly permeable : soil, “nor ‘under 
"conditions of such long- continued or intense rainfall that the’ forest litter 


4 3.—Forests summer stream flow derived from ground: stor- 


age: (a) In humid regions by the full amount of seasonal transpiration 
a — pervious soil a areas and by lesser amounts on soils containing n more verre 
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Discussions 


‘soil, 
tte 


 4.—Forests on clay may increase summer stream derived from 
-water storage by increasing soil permeability. + 


SOF orests decrease total annual run- “off as with, that from bare 


“While these conclusions do not from those of the authors for the 
small water-sheds studied, they indicate the errors that might result from 


flow oped 
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TESTS OF RIVETED. AND WELDE 
re By M. O. FULLER, AM. Soc. 
M. O. ‘F LLER, M. Au. Soc. C. E. (by letter) The discussion of this 
a) paper has been a tribute to the memory of the late Willis A. Slater, MM. Am. 
C. E., who was interested in the Society for many ‘years, had contributed 
papers to its ‘publications, and had taken an active part in discussion. 
pal 
7 ah The tests described by Professor Roark are ‘interesting in that they throw 
i ‘light | on the total strains and stresses produced by a given welding process 
. and their ‘effect on the mechanical properties of the member as a whole. - The 
fact that the apparent stresses the tensile and compressive tests are 
about same order of magnitude i is very interesting as it may be of of service 


points Me. are, as he states, of m minor impor 


are usually taken care of by careful 
Consider is still to be learned regarding the | effect of and 


investigators: are carrying on tests in - this field. The work reported | in n the 


paper» was only a small contribution this subject, and the writer agrees 


heartily with Professor Caughey that needs to be done to establish 
relation ‘between the initial tensile and compressive stresses | set bed 


"account of "unequal ‘shrinkage i in cooling, my 

bed question of crookedness in the test columns was one that had not. 
been anticipated and for that reason the original column that 1 was crooked was 


-Teplaced by another made at a later date. The original column (No. 


was tested simply y as a matter of ‘youtine, as it was realized that one test ae i? 
= sufficient to draw conclusions to any extent. Messrs. Holt and Sturm have a i 


= 
¢ oh .—The paper by the late Willis A. Slater and M. O. . Fuller, Members, Am. Soc. | 
E., was published in September, 1932, Proceedings. Discussion on the paper has 
appeared in Proceedings, as follows: January, 1933, by Messrs. Raymond J. Roark, and = 
Lyndon F. Kirkley; and February, 1933, by Messrs. R.A. Caughey, E. G. Walker, and al 
Holt and R. G, Sturm. 
Associate Prof., Civ. Eng., Lehigh Univ., Bethlehem, Pa. 


Received by the Secretary April 6, 1933. 
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842° FULLER ON TESTS OF COLUMNS Discussions 


‘the reason for. the difficulty in proportional limit 
_ of the columns. A full report on tests of columns with known eccentricities 


referred to by them would-be’ valuable. 


| oe It was hoped that further tests could be made on both riveted and welded 
es columns of larger size and with variations: in the welding and no doubt would 
— been under way at this: time, as they had been planned before Professor 


-‘Slater’s death. It. is possible that they 1 may still. -be made, and the writer 


trusts that a number of the points suggested by Mr. _— and others ms may be 
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pool” TESTS. FOR HYDRAULIC- FILL DAMS 


JoEL F B. Cox, Soc. C. E. 


B. Cox, Assoc. M. Am. Soo. C. E. (by letter).**—The author has 

: done’ a most praiseworthy piece of work in presenting g the data derived from — 
the testing program of the Cobble Mountain Dam to the profession. ~The 
q time is ripe for a thorough-g -going ¢ consideration of the principles of hydraulic- 
‘fill dam construction, and of the possibilities — of scientific design based on 


known physical facts. ‘The establishment of adequate laboratory “procedure 
~ is essential to this undertaking. © The writer presents the following discussion — 
in order that engineers “may also have available for comparison the results a 
_ obtained from a testing program at an « entirely different: dam, dealing with a 3) - 
material almost diametrically opposite physical characteristics from 
- those met with at Cobble Mountain. In its scope ‘and intent this program | 
was considerably more extensive than that , at Cobble Mountain, or than has — 
heretofore ‘been attempted in connection with hydraulic- fill construction. 
*F ollowing the precedent of the author’s paper, a full report on “methods od 
results obtained, by Maitland C. Dease, McBryde 
Sugar Company, Limited, has been filed for manu- 
of the author’s paper in Engineering Societies 
oe. testing program at the Alexander Dam 1, Wahiawa Valley, ‘Island of 
A Kauai Hawaiian Islands, completed i in 1932, was developed in the belief that — 
‘ag recent advances in the s science of ‘soil n mechanics , and most notably, the work 
_ of Charles Terzaghi, M. Am. Soc. ©. E.. , were sufficient to allow a complete 
analysis of the stresses within a hydraulie- fill structure and to enable — 
and control of construction to be based on such an analysis. 
Professor Terzaghi’ s work” forms the starting point ¢ of the: theoretical, 
dev 


elopments obtained in the technical control of the Alexander Dam. Early 


_ Norr.—The paper by Harry H. Hatch, M. Am. Soc. C. E., was presented at the a 

‘Joint Meeting of the Irrigation and Power Divisions, Yellowstone National Park, Wyom- 
ing, July 7, 1932, and published in October, 1932, Proceedings. Discussion on this paper 

~~ appeared in Proceedings, as follows: January, 1933, by Charles H. Paul, M.-Am. 
Soe. C. E.; February, 1933, by Joel D. Justin, M. Am. Soc. C. E.; March, 1933, by | 
Messrs. Jep tha A. Wade, and Stanley M. Dore; and April, 1933, by Messrs. D. P. Krynine, __ 


Received by the Secretary January 27, 1933. “On 4 


“Brdbaumechanik auf boden by ‘Charles ‘Teraaghi, 


Soe. C. B., Leipzig und Wien, 1925 Po 
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DAMS... Discussions 


in the investigation ‘it was that tests ‘did: not closely the 
Tules laid down by Professor The first addition Professo or 
font s theory necessary. to. account for the observed facts was to assume 
_ that there were inter- particle forces of ‘attraction even if the | material | aes 
resistance was, therefore, a | compound ‘phenomenon, being partly 
true cohesion, due to » these little - understood particle ¢ attractions and partly a ap- 
parent, cohesion and friction, a frictional effect’ caused by external load. 
This external load, , in turn, could. consist of ‘a mechanically « applied load or of — 
a load applied by the : oe tension ‘of the water films a at an external air 


Pic 


‘This recognition of true cohesion has also been under Professor 
Terzaghi both by the 8. of Roads® ‘and at the Massachusetts 


“Institute of Technology. — 


— _ Later, it has been shown that the gra grains ate soil cannot be + considered a 


perfectly elastic bodies | in the compression | phenomena of a clay-like soil, but 


that their deformation is governed partly. by frictional, effects: 


Partly, | by laws of plastic flow. » yeti 


ee Other phenomena of great importance i in n the 2 ac tual behavior of soils wander 


many, such it is apparent that the mineralogy of the 
the a dividual grains, is of 
X utmost, importance. yet no completely have. been 
devised for the identification of, for experimenting “such 
‘and much progress in the understanding | of soil phenomena. may be expected 
along. these lines. ve No chemical analysis of a soil as a mass can | be of final 
~ value without knowing how, the elements: are distributed in the various sail 
In all “this. work, it apparent’ that to all “con- 
cerned will, result from a closer knitting together of the work of those who — 
are studying soils from widely different angles... The egricaltusal soil physi- 2 
the engineer concerned with. soil, and. the soil mineralogist; and chemist 
can | ‘each, learn much regarding his own, 1. problems by a closer contact with the 
work of all the others. de dome ao od oF to fortaos bax 
Specific Gravity Determination —The pycnometer method: adopted at the 
thee consisted of drying the specimen 24 hours at 105°C in 
-pycnometer flask, adding distilled water and boiling it for 8 hours to eliminate . 
entrapped, and absorbed air. By using an excellent chemical bal- 
carefully tared pycnometers, accurate thermometers, and care in 
dling, results accurate to four figures can. be obtained. _ Simple « displacement 


methods were frequently in error as much.as 15 per cent. As all subse- 
determined constants with: -voids- -ratio, an accurate 
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knowledge of specific gravity | is. most important, and engineers ‘should 
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Permeability, Capillary methods of determining permeability rored 
satisfactory at the Alexander ‘Dam as well as at. Cobble Mountain. As is” 
- aptareai from the author’ s Fig. 15 and all other work with the consolidaticn q 
oh clay materials, determination of voids- ratio and 
meability is necessary, — No permeability determination for which the corre- ‘ 
voids-ratio. of the material is unknown, is of value. The criticism, 
of the large percolator shown in the. 


au 
etermination of voids-ratio is difficult, i fn 
not be uniform throu gho rut the 


thor’ a ‘Fig. that the exact 


Se 


pins 
at the. ‘time keeping the ‘material homo- 


yd ling 1e permeability in 


the machine. Professor "Terzaghi on a for which the voids-. 

ratio is known accurately at all times. ebiey cf 

The clay- like involved this | work may be described as soft 


“averages Barb but for. individual the varies 


it Such soils are "characterized by exceptionally high voids-ratios. 


volume of water in such a soil ; is usually twice that of the. solid phase even — 


when compacted under heavy pressure. No complete explanation | of this 


phenomenon, and of the utile. range and erratic variation of this. feature. 
within group of apparently similar soils , is available. part. of. 


_ variation is caused by the past history of the soil relating AR its moisture and 


pressure; and compacting under pressure is shown to be a slow process which 


will continue to a ‘surprising extent long after existing theories would predict a 


a state of equilibrium. ‘The relationship ‘between permeability 


ratio is not even approximately | that given by Professor Terzaghi’s theory,” 


is that it can often be represented by. the. 


od “Tose va = Cs Co 


i 
ficient of permeability ; the voids-ratio, or pm of voids to volume of solid 


plotting log Ko a gainst on semi- paper, tests on many 


et will plot as straight lines, while. others. are concave ‘upward and still 


concave downward. relationship b between pressure ; and voids- ratio, 


q 


follows very closely Professor Terzaghi’s equations, thus, 


ISTE E = + da loge (p + pe). — Ae (p Do) + ¢ (46) 
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in which, a, a2, pe and nd ¢ are constants, and pi 


oat ats | = — A + C1. ae ( 7) 


Equation (4D) i workable and closely approximate. expression for 


—T is interesting to compare Equations (46) and cco) with the relationships: 


found by the author at Cobble Mountain. Equations (21) and (24) may be 


= written, using the present nomenclature : 


+ 0.0428 log, ( 

9 ti It would be interesting to try both sets of formulas on the original | data : 
tos see which actually produces the better fit. There i is little act tual difference } 
~ It is in the investigation of chemical content, or mineralogy of soil grains. a 

i; 

that methods and knowledge are altogether inadequate. The Hawaiian soil 
consis ts of an ‘enormous Vv variety of separate minerals. The specific gravity | 
a the separate grains of a representative sample varied from 5.2 to 2.2. ~The 


entifiable grains range from magnetite montmorillonite. It is clearly 


. mpossible to obtain much | of value from the usual over-all or average determi- 
yi nation of the chemical composition of such a soil. The most hopeful | avenues 
a attack are ‘to determine optically all those translucent particles for which | 


such ‘methods are applicable and to sort out the ‘remainder by the use of the 


Thoulet solution (a mixture of solution ‘mercuric jodide and potassium 
iodide that can be given any specific gravity not exceeding « 3.2) into con- 
venient separates” having approximately the specific gravity. 
° probable that further study of these separates will require the use of micro- 

of interest and importance both and practically was” 
learned by careful ful microscopic « examination of the soil. - Many r of the physical 


qualities most important, from the standpoint of the such as erush- 


eye by ‘comparison with similar solids the ‘of are kinown. 
> A method of mechanical analysis or grading by size was developed using 


the direct, measurement of particle diameters under the microscope. AU com- 


‘parison of the results of such determinations | using sedimentation methods is 
most interesting. In every case (as is’ to be expected) ‘the direct measure- 


ment larger grains than is ‘computed from the sedimentation data, but 


ef 


The the two methods of det rtic 
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a (1).—Visible ‘Diameter Against the Diameter of the Sintbina Sphere. 
The microscopic method measures not more than two diameters, which (due to 


the tendency of flat grains ‘to orient themselves) will usually be the two | 
r greatest diameters: of the grains. The sedimentation method determines the 


ttl, 


0.0007 0.001 0,003 0.005 0.007 0.01 0.0; 


diameter of an in equivalent ‘sphere which will settle at Ree same rate through 
still: water. 2 Any tendency to o irregularity or flatness” in the grains will be 


reflected in ‘the difference between micro- ro-analysis and ‘sedimentation. 
Erroneous Assumption of Specific Gravity of Particles. .—The ‘size 


specific: ‘gravity ‘assumed. previously. pointed out, this specific 


computed by analysis, using average gravity of the 


ates (8) ) —Expanded Particle—The excessive voids-ratio of ‘such soils as have 
‘ta studied may be due in part to excessively hydrated or expanded particles, 
the water of expansion of which is driven off at a low temperature and, hence, — 


does “not appear in the specific gravity determination at- 110°C. Such 


“particles will measure much larger than their speed of descent indicates. 


(4). —Failure of Experimental C Conditions to Fulfill Assumptions of Stoke’s 


. 


| sizes in sedimentation | analysis are computed on the assumption 
- that Stoke’s law for the velocity of descent through still water is strictly — we, 
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fulfilled. been demonstrated” that this is not strictly true 
a particles. Mechanical and electrical interactions between the particles them- - 
selves. and the sides of the container give non- -yertical paths, while there i is a 
certain amount of interference from the hydrometer bulb. Slight differences 

of temperature set convection currents in the liquid, and flat particles 

_ will tend to plane from side to side rather than fall vertically. — ie ies 
All these effects act i in the same direction, to slow down the descent of the 

particle and indicate a smaller size than the correct value. 
a The really excellent: check between the sizes of the sharp, hard, Kilauea 
- volcanic sand furnishes a measurement as to the effect of Cause (4) and shows 
it to be small. The difficulty listed under Cause | (2) will not be apparent in 
the average of a large. sample unless | certain mineral is both lighter 
‘tends to form: larger particles than the average. ge. The greater part of the dis- 

‘ _ erepancy between the two methods of measurement appears to be conditions 
: included i in . Causes (1) and (3) and both causes are significant i in the physical 


ot 


——— ; Fis voids-ratio; and ¢, and c, are constants. 
Semi- i-logarithmic plotting. of values of Ko and "are shown i in Fig. 29. 22. It 
va will be noted that, in most cases, ‘the points fall on a straight line. rem 
samples give curves slightly convex downwar 
ae Professor Terzaghi’s early work on compression and consolidation of ual 
“developed: the fact that these phenomena were largely -eontrolled by the 
hydraulic 2 flow through the interstices « of the material, and, at first, the time 
lag of the compression resulting. from the application of a ‘given load was 
ae = thought to | be entirely due to this cause. Later (1928), the syllabus of the 
Massachusetts Institute of Technology™ recognized that “the time effect due 
to low permeability combines with the time effect due to internal friction.” 


ad. 


By noting that the permeability. effect varies with the square of the reduced 
thickness of the layer of soil, while the time effect due to internal friction 
is assumed be independent of. this thickness, practical method of 
sag disentangling | the two is developed. _ The research work at Alexander Dam, 
_ through two long-continued tests, gives ¢ additional information on this problem 
and suggests that the phenomenon is more complex than: at first appears. One 
compared the compression resulting from repeated applications of the 
maximum load the rebound curves after the removal of this” load. 
_ The resulting hysteresis loops are quite similar, but show. a steady reduction 


_ 8T Experiments by F. J. ‘Viehmeyer, Prof. of ‘Agri, Soil Physics, Univ. of California, 
on in Soil Mechanics, Pt. ‘1, “Soll Physics,” by Charles Terzaghi, Am. Soe. 
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= voids-ratio with successive loadings. sf . The second test shows the slow w steady 
_Teduction. of the _voids- ratio over many months of steady application of the 
The results indicate that the two effects are due 
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to the same cause and that of load is necessary to ) cause 


3 


7% increased | compression. . The magnitude of the long- term = and the long 
‘The latest development i in the mechanics of clay-like coils is in the related 
anions of internal friction, cohesion, and lateral | pressure. _ Although both | 

_ Shearing tests and lateral pressure determination were made with simple, inex-. 

pensive apparatus (not. ‘comparable with the elaborate | shearing devices 

; developed by the Massachusetts Institute of Techno logy), the resulting ‘ series 
of values a are interesting and appear significant. 
eve every sample for which a complete series of values is available the 

which was borne directly by grain-to-grain contacts. 

ee sure which was carried by hydrostatic pressure within the voids of the clay 

-_ did not t influence the results. In other words, if a clay sample is first tested — 

a a when it is in equilibrium with its applied load, the shearing strength developed — 
in th this: condition is the greatest possible without a change i in voids-ratio and 


for the excess water to escape | will not increase the shearing strength. tte: 


Tests | of clay at moisture contents below that -eorresponding to equilibrium 

with the direct load were more erratic. times, the shearing strength would 

7 ~ as great as if the full equilibrium pressure were e applied. — At other times 


the strength would be materially less, approaching a directly pro- 
- portional to the load. The explanation appears to be that if a clay ‘sample 


he 
- gontracts by. drying without cracking, its interior is 3 subjected 1 to a pressure 


_ etirenponding to its actual internal pressure. Such a lump will have a shear- 2 
ing strength governed by this : actual internal pressure, which may be be many 
‘om: that of the applied load. However, such a mass is too dry 


“not | to crack, it is no longer truly plastic, and it does ‘not always retain this 


; grain- -to grain » pressure. which (along this interface) i is only that caused by 


with varying direct pressures are likewise “important and interesting” 


id 
_ The e apparatus available permitted enough water to leak past the main n piston 
and the pressure plunger to render determinations at ‘moisture contents higher 


| 


somewhat difficult and ‘unsatisfactory. However, enough results were obtained 
ae to indicate that Professor Terzaghi’s theory, that the hydrostatic pressure 


ar a within the voids caused a1 an | independent lateral pressure repai to that caused 


= the material 


to be trusted 


unfractured state within the testing machine. _ “Any break in the continuity 
7 of the water within. its voids will release this pressure along the air and 
water interface, and then ‘the shearing strength will be ‘governed by tl the local ; 


that at which the material in equilibrium, with the applied load 


t. This 


was in ‘equilibrium. To facilitate this ‘the apparatus 


shearing ‘pressure depended only on thi that portion of the total direct ‘pressure — 
surplus direct Pres: 


water content. To increase the load without allowing’ time 2 and opportunity 


: 


caused by the surface tension of the ) water between the grains great enough | 
to cause it to be i in elastic ‘equilibrium; ; in other words, its voids- ratio is that. % 
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“what wetter ‘required and al to reach the machine. 


‘The results obtained showed a closely linear relationship between “equilibrium 
grain-to-grain pressure and the resulting lateral pressure. The total lateral 


e.. which, ZL is the total lateral pressure; DP, the | grain- -to- “grain pressure within 


the soil mass; w, , the hydrostatic pressure in water in voids of the soil mass; 
og the constant of lateral pressure ; andP=p+u, the total pressure in the es 
mass caused by applied load. The of K obtained with ‘soils at 
_ Alexander Dam, and using the apparatus available, ranged from 0. 0.35 to 0.50. * = 
A most important - relationship with clays is ‘that which occurs s between 
shearing strength and lateral pressure. As shown™ by Professor ‘Terzaghi, the 


lateral pressure should be given. by the following equation: 


exander 


Dan m satisfactory data were obtainable on strictly duplicate and 

7 comparable samples both in shear and i in lateral | pressure, are given in 1 Fig. 24, . = 


{ = 


In deriving Equation (52) by means of Mohr’ s circle of stress, the shear- 


ing stress used must be closely scrutinized. shearing stress developed 


-‘Tesist the formation of lateral pressure will be the true maximum shearing 


strength of the material. Not only is this the true maximum on any i 
ques is the passive or static stress. __ The shear measured in any test is 
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oe i probably not quite this pure shear, but a complex phenomenon with changing» 
areas and distorted lines of pressure. Besides, this difference between the 


a and that shown in shearing tests, there is a possibility that the internal fric- - 


ee 4 


true maximum shearing s stress which | governs the formation of lateral pressure 


tion of a clay, like the friction between ‘solid surfaces, has two values, one for 
static, and the other for moving or dynamic, conditions. I If so, the movement 
of the slide allowed by pure compression of the material may be sufficient to 


a, 


d prevent : a true measurement of the static coefficient of shear. Ho 
‘The physical properties of soils characterized by a ‘granular, or a crumb- 2 


Tike, structure are transitional between those of clays, or -colloidal- cohesive 
soils, and clean sands. These properties are, therefore, more complex and» 
variable than rue of either sands or clays, and, i in general, the best 
_ understanding of such phenomena is obtained by a comparison between the 4 


_ observed action of the crumb- like soil and the ‘corresponding performance i 
expected from clay on the one hand and sand ¢ on the other. is probable 
may be found to “vary by imperceptible degrees in a continuous — , 3 
_ series from ‘the most perfect of clays” to the ‘most cohesionless sands. The p= 
series of tests on such soils as those at the Alexander 
s Dam is, therefore, , more likely to to be of practical rather than of theoretical i: 


value and to be restricted largely i = ‘its application to nearly identical 


be Especially to be ‘to be noted i is the great ey in the teat testing procedure of 


- eertain peculiarities of these soils, such as the great effect « on shearing tests 


es i of arching within the apparatus and of compression phenomena inextricably 
ie ‘connected therewith. th. The great influence of such phenomena led to a design ; 


ne testing machine and a manner of conducting tests intended to allow the 


estimation and correction for ‘such effects rather than their removal. 
remove arching effects very appreciably would necessitate sample of such 
Oe extremely thin section as compared to its area of shearing plane that it would — 


dead, 0 on the one hand, to a screening of the material ‘to remove > large Jumps 


and particles which would r render the resultant material altogether unlike 


ae that actually used in the dam, or, on the other hand , toa a size of testing 


machine quite impracticable. Therefore, the other alternative of making con-- 
ae tests: inww hich the variation of direct pressures throughout the 1 mass of © | 


: 


The importance of « compression in shearing tests is not usually emphasized 


in accounts of such phenomena. As actually performed ‘shearing tests are 
ordinarily. on comparatively small samples either in ‘single or double 

shear. As shown in Fig. 25, a considerable movement of the slide takes place 
3 ; by compressing the material in the darkened 1 areas, with the toggle or arching 
734 effect of these sections tending either to increase the direct pressure (if the - oe 
af oe _ arrangement of slides is rigid), or to force back the material above or below - 
(if a constant direct pressure is maintained). Before a true shearing failure 
a ace takes place ‘the shearing surface is , considerably reduced in ‘area and the dis- 4 
a ae tribution | of stresses is complicated fa far beyond easy analysis. 3. The ‘shearing i 
is no to force shear’ te to occur along a gur- a 
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J face by grids” or - other mechanical 1 restraints instead of solving the problem, — 


A 


a only complicate | ‘it further and introduce enormous uncertainties as to the dis- aks oe 
tribution ¢ of the direct pressures. more elaborate and thoughtful experi- 


mentation is necessary before the measurement of may be 


| 


ons] 


Fic. 25 25.—Comrnnssion Dunne 


between. cohesion, moisture content, and time and} pressure 


material is packed and the cohesion developed. These are shown 
in Fig. 26. a Cohesion was measured by means of shearing tests at light loads — 


7 with an estimated correction for ' friction as determined from tests on the 
af same material at varying pressures. The shearing 


26, the slow increase ein with two or 


LOC 


istence of ‘both above and below 
(Curve A), are all clearly % were 
- tests of the same sample ‘under different conditions ; for r example, for Curve A, Bie 
the sample was packed 2 days under a pressure of 4.97 kg per sq cm (71 lb per a. 
a in.) ; for Curve B, the sample was kept under the same load (4.97 ke 
is per sq em) during the test, at a constant moisture content of 43%; and for hi 
_ Curve C, the sample » was kept at a ‘moisture content of f 43% an and after 6 hour . .* 
To correlate results tests the large Terzaghi 
ith settlements and changes i in permeability observed i in the 


it is necessary to allow for the influence of larger lumps than can be 
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tests of 2-in. cubes cut from such lumps, was run under a variety ‘moisture 


these | amples. S Some of them showed such an increase in strength with 


moderate drying, followed by a decrease as drying continued, but most sam- 


general, ar an optimum moisture content is not observable with 


0.6 


urve for Time of Packing, 


= 


° 
w 


3 
Cohesion in Kilograms per Square Centimeter 


| 


Pressure i in Kilograms per Square Centimeter (Tons Squere Foot) 


showed a steady increase in . strength down to the limit of drying obtain- 


able in dry air. In all cases the moisture content was much lower than can 
3 expected within the bank. Cubes | | cut from the soil within the borrow-pit — 
ot ame varied in their response to soaking from those that slaked upon immersion to 


those showing a a difference of crushing strength « of 56.7% between the saturated 

and -dry condition. Lumps from the Alexander Dam varied from 57% to 

reduction in Random samples showed a non- systematic varia- 

tion in strength from 20 lb per sq in. to 100 Ib per sq in., Ww when soaked. 

ashe a i _ It is apparent that the settlement and compacting of such a | body | of earth | 


aoe as the beach areas of this dam, takes place not only by the compression of the - 
’ a | finer- grained material, but also by the crushing of the coarser lumps. AX ny) 


‘The consolidation formula proposed by author (80), a 


is based on the statement that “the rate of alatitedian of the aaa ‘under 
a ‘given constant load, ‘shortly after the application | of the load, becomes almost — 


iform.” ‘This: is far from the case. problem has been 
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given its theoretical outline by Professor Terzaghi and has had two solutions ve 

proposed. One by Glennon Gilboy, Jun. Am. Soe. C. E,, is exceedingly 
in its mathematical derivation . Its major defect is in the effect 

a gravity of the movement of the escaping water. The second method is one ~ 


proposed by the writer for use in computing the consolidation of a dam core 
It consists in separating the ‘cross- “section of the dam into a series of finite 
divisions and applying Darey’s: law to each division ‘separately for a 
interval of time. divisions and time intervals” must be chosen small 
q enough | to allow an average uniform velocity to be used without the intro- _ 
sted _ A demonstration of the relative amount of the e errors occasioned hate 
assumption of constant rate of consolidation is given by computing the ~ 
q _of consolidation of the Cobble Mountain Dam by Professor | Gilboy’s method Oe 
on: Taking an elliptical cylinder (semi-1 -major axis, 5 930 cm, and semi- minor 
axis 4780 cm) that has an area roughly equivalent to that of the dam core, 


a ratio about ‘that of height to one- e-half the width of the 


Terzaghi coeficient of consolidation of 1.4 » gives pg following rate of 


» in days consolidation ndays 


is rapid consolidation, indeed, owing to the relatively coarse material 
of the core and the extremely narrow cross- -section obtained. Even so, how- 


ever, if it is ‘estimated that 50% of the consolidation will oceur | during con- 
struction, ‘the percentage of various: us times after 
may be estimated, : as follows: 


‘The slowing down in rate of drainage i is very marked, wa 


the third year being only 29% of that during the first. 
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consolidation computations. Seven points are. e made, which 

te ‘Phere is no 10 reason why cannot be applied in the ry in 


way desired, and, hence, they, can be arranged to duplicate conditions 


itn Two questions are raised in this The is that 


a f tory tests thus far have been on small- sized test pieces. The largest in the 


_ writer's knowledge have been those in the large machine at the Alexander 
Dam, 8 in, in diameter. These samples. checked admirably with similar ones 
tested in the smaller machines, provided consolidation controlled by hydraulic 
from that controlled by internal friction. The — 
o. hopes that more work can ‘soon be done on large- scale and long- time tests, 


i ote will give a final : answer to the question. In the meantime, nothing has 


a is aes great variability to be: found in small samples of sppareatiy similar 
soil This is a fact encountered throughout the realm of soil testing, ase 


ean only be met by such a number of individual tests that their’ ‘average W ill 
represent fairly that of their large-scale prototype. 

a (4) The rough surfaces of the beaches go down with the core as it. com- 

- presses and, hence, do not retard its consolidation. The effect of abutments | 
is certainly to complicate the process in close proximity to them, but a com- 


‘putation ‘near the center of the dam will usually be sufficient for engineering 


(5) The time intervals for the hydraulically controlled portion of the con- 
solidation may be exactly computed for strict similarity. Slow re- -adjustment 


over a long time is shown by the Alexander Dam tests (Fig. 23). This argu-— 


ment is precisely similar to the first point in Argument (3). 


_(6)The drainage facilities are capable of investigation and allowance may 

(1) The variable pressures and stresses are susceptible to computation. 

Table 5 presents i in compact: form the great contrast in physical 


eal established on a sufficiently theoretical and practical basis THe serve” 

8 O} Much further investigation is urgently needed in the fields of scale 

effect, and lateral pressure phenomena, -goil mineralogy, and other 
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TABLE OF ‘Puy SICAL Constants Core Marer 


Dam 


Specific gravity 


Voids—Ratio; at Loads of: 
grams per sq cm. 
Rebound coefficient, 1 
coefficient (in 
per minute, 


or meters per day) at a 
of 3 250 grams 


0.000178 | 0.0000064 


Des Description 


for Change 
Permeability: 
ce, in Equation (45). 
m, in Equation (21).... 
Consolidation Coefficient, 
- 3250 Grams 
rSqCm: 
Terzaghi) . 
= [e(1+ for con- 
stant volumes 
Lower liquid limit (per- 
centages) 
Plastic limit (percentage). 
Plasticity index (percent- 
age) 
Moisture equivalent. . 
Hydrogen-ion concentra- 


tion, pH 


q 


in aking tests for this particular kind of construction,” he not 
that any present method of conducting tests is of proved superior- 
ity” to be worthy of such elevation to the position of standard. 


— 


z 
extent ‘and reason for such differences as appear. is the: con- 
- stants of the large-scale prototypes that are desired, and seaneeaes laboratory | 
tests are of value only as they correlate with these values. las 208, 

Al ‘recent work on soil mechanics, using different types of 

a emphasizes the unreliability of depending on the size of grain, at least i in re 

sizes determinable by sieve and ‘sedimentation or elutriation analyses, as 
criterion for estimating the physical constants of the soil as a whole. me 


most purposes direct laboratory determinations of the major constants: 

reason why the ‘mechanical analysis of grain size wi unsatis-_ 

factory as a criterion is that : microscopic and elutriation methods | cannot be 

carried into the range of colloidal grain sizes, and it is. the colloidal content 

3 of many soils that governs a considerable number of its physical properties. oo ei 

cd Another r reason is that mechanical analysis gives no insight into: the realm a oe 

Finally, the thanks of the profession are due to the author : for undertaking © e ie 

the labor of preparing the paper summarizing the testing experience at Cobble 

Mountain Dam. It is to be hoped that no major project of this kind i in the 

future will be undertaken without adequate test data and the fullest possible 

ee: of such data in predicting and explaining the full- scale performance | oe 


“ “Structure of Clay in Journal, Soc. of Civ. Engrs., 
April, 1932, 168 et seg. adi yd 
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Founded November 5, 1852 


GEORGE W WASHINGTON BRIDGE: 


w. M. Ax. Soc. 0. E. (by letter r)"—The writer | ‘appreci- 
—_ ates greatly the interesting © communication from Mr. Carlin, although he 
cannot agree. with him in all his comments. Mr. Carlin’ 's remarks have 
especial reference to the the contract for the approach tunnel | under 178 8th § Street, 
ee, a ‘Manhattan, where : abutting } properties were subject to damage by the conduct 
p of the construction. operations. The writer is entirely in accord with the 
__ importance of a preliminary examination of such properties and believes that, 
_ imperfect « as such a proceeding i is, it is, nevertheless, if properly | done, the one 
ve al best way to establish the extent of damages caused by the work. He believes, 
ies that inasmuch as such a determination is of first importance to the 
contractor, the undertaking .of such an examination should ‘originate with 
contractor himself and not with the owner. 
hg he advisability of including a provision in the contract for the approach 
under 178th Street requiri_ such preliminary examination was seri- 
— considered, but such provision was believed to be ‘superfluous in view 
me : of the clause in the contract that provides that “the contractor shall do all 
eo ” things 1 necessary or proper for or incidental to the work,” in addition to the 
provision that “the contractor shall be the insurer of ‘the Port Authority” 


oa against ‘the work of damage to the property of third persons, arising out of or 


ee. in connection with the performance of the work.” If, as Mr. Carlin indi- 


ore cates by his comments, the contractor or considered a velinnary examination 

necessary and 


_ _Norm.—The paper by Edward W. Stearns, M. Am. Soc. C. E., was published in Octo- 
yy g ber, 1932, Proceedings. Discussion on the paper has appeared in “Proceedings, as ane 
December, 1932,-by J. P. Carlin, M. Am. Soc. C. 


Asst. Chf. Engr., The Port of New York Authority, New N, Y. 
* Received by the Secretary April 21,1933. 
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ties. Lhe Port Authori y 

— was required a8 part or comtrac the ond 
ey S such an inspection is primarily in the inte ld tend at least to make the 
i der int of the contract, would te 1 
— Port Authority jointly responsible with 1 + 2 
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STEARNS ON GEORGE BRIDGE 


Mr Carlin makes the general statement that “Ge the owner of an improve- 
ment is injured by its delay in completion, it follows that he must benefit if 


the work is completed earlier than the contract time. This statement would 
be quite axiomatic if if it were n not a fact that in most undertakings, and partic- 
ularly so in public work, there « are usually external conditions over which 

owner has no control and w which are likely to make it impossible to reap 
the benefit of earlier completion. The writer is very glad that Mr. Carlin 


agrees with him that a‘ ‘penalty and bonus” ” provision in its contracts would " 


ous us elements affecting | the completion of | an undertaking is a problem, the 
complexity of which varies more or less directly with the magnitude and com- 
plexity of the undertaking itself, and is just as much a real problem for 
the engineer to solve as are the problems of the locations « of the piers or. the 
sizes of the various members. An engineer is remiss in his duty if he fails — 
to give » due ‘consideration t to all these elements and ‘then inserts a penalty and 


it is far better to take account of the cntiion which must be met, arrive | - _ 
at a reasonable | and logical time for the work to be completed, and then draw ; 
Ss contract: which will either lead to its completion within that time or yeim-— 


burse the owner for any loss which he may suffer ‘by reason of the lateness 


tr 
= it would ; seem as if there were little difference i in ee and cents between 


the two systems under the competition system of bidding. If the time set x 
up is sample, the contractor is likely, under the | bonus system, to predetermine 

th probable bonus and then deduct that amount from his bid price, whereas 
‘under the system of liquidated damages he will estimate the most economical 


time for him to consume in doing the work, and his bid price will reflect the 
resultant economy. i, on the other hand, the time set up is very limited, 


80 limited in fact, as to make it difficult or impossible to complete the work 


on time, the contractor will increase the amount of his bid price so as to be 


-teimbursed either for too rapid work or for the penalty imposed for failure 


A 


In closing, the writer wishes to reiterate both for himself and the staff of 
Port. Kathotity, his sincere appreciation and regard, not only for ‘the 


for the careful study given the problems facing ‘and the intligence 


bonus provision in his contract to cover up his laxity. the writer’s opinion, 
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HISTORY ‘THE DEVELOPMENT 


"MESSRS. H. MEYER, W. _E. HOWLAND, HARRY K. ELLIS, 


. 


Meyer,” Assoc. M. ‘Ax. Soc. (by letter). brief state- 
povney as to. the contribution of the Chinese to the art of bridge building i is of 
importance in establishing the origins | discussed in this interesting paper. 
Chinese character, “chiao,” denoting a bridge, contains in its components 
the idea of a lofty wooden construction. — The character was formed about 
1003 B.C. , thus lending authority to legendary history, which records the 
information that the Chinese had undertaken the construction of fairly large 
“wooden bridges at a very early date. the Confucian : annals. and from 
the history of the Near East it is “hapire that in a number of Asiatic coun- 
tries, wooden pontoon bridges of considerable length were in regular use 
4 4 ae that early date there were a number of communities with a fairly high 
givilization in the,part of Central Asia that now (1933) forms, the western 
: - border of China. Because the turbulent and wide mountain streams in this 


= territory made all inter-communication difficult, Nature made the inhabitants 


bridge builders long before written records of their kingdoms begin. 


wa A number of interesting wooden cantilever and suspension bridges dah 

0 be. found i in these 1 regions. — : "Whenever the width of the stream is less than, 

aay, 180 ‘ft, a cantilever ‘appears to be preferred. Suspension of 
—_ F plaited bamboo ropes are used for s spanning streams as wide as 250 ft. — 

a . Multiple-span bridges of both types of construction are ‘still extant, ‘the 


longest being a suspension bridge of 700 ft. = | 


Nore.—The paper by Robert Fletcher and J. P. Snow, Members, Am. Soc. C. 
was. published in November, 1932 Proceedings. Discussion of this pens a al 
= in Proceedings, as follows: January, 1933, by Henry B. Seaman Am. E. 
1933, by Jasper O. Draffin, BE. K. Morse, and w. March, 
1933, b Messrs. C. J. Hogue, William A. Oliver, Philip G. Laurson, Richard S. Kirby, 
Wells Thompson, Benjamin Wilder Guppy, Ivan B. ouk, and William H. Baker ; and 
April, 1933, by Messrs. Oren Reed, R. P. Davis and L. L. Jemison, Peter T. Landsem, 


J. K. Finch, A. A. Eremin, Aksel Andersen, and William G. Atwood. ~~ 
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May,. 1988 HOWLAND ON DEVELOPMENT OF WOODEN BRIDGES 


tants of the neighboring town, and, therefore, they are often 
= roof o r are fitted with supports for a light roof of bamboo matting as a pro- 


45° “Tepresents a the ‘small 


ib sift ba 


= 


he. 


ib 
= 
« 
i 
Tibetan- Chinese ‘Kingdom of Muli. It will, be noted that, two heavy stone- 
| lend ‘stability. the cantilevers. central part 


entrance to his realm. “tag sad 


W. E. Howzanp,” Assoc. M. Ax. Soo. C. E. (by an 


ile or Dictionary « of Arts, Sciences and Miscellaneous Literature,” printed 
in Philadelphia, Pa., for Thomas Dobson, in 1798, and in the “Supplement” 

; published in 1803, several articles appeared relating to wooden bridges, pera 
“Arches,” “Centering,” “Carpentry,” “Roofs,” and ‘ “Strength of an 


all related one to another with numerous cross-references. “This twenty- one 
fot compilation” offers an opportunity for the student of the history of - 


— the development of technology to determine what was known about a partic- 

ular science at a given period, and, in this case, it shows what —— 

- might have been carried over from Europe to America. Such a ‘medium as 

~ this could have brought to the early American bridge builders the ae ear 
, gained | by their ‘European colleagues, not only in building wooden bridges, 4 z 
but also in the science of the equilibrium polygon : and i in countless. practical 

tale of wood construction for carrying heavy loads. “alt 
Although, as the authors have pointed out, the European 

were n not especially noteworthy at this time, certain other Continental wooden 
construction appears to have been ‘developed t to a high degree of ‘perfection — 

before the era of ‘American: wooden bridge construction, for example, the 

7 wooden centering of Perronet. and the wooden roof trusses of Sir pr el . 

eval The writers of this encyclopedia assembled this knowledge ‘and made 


it available i in a convincing and ‘understandable form for the potential bridge 


Asst. Prof. of Civ. Eng., Purdue Univ., Lafayette, Ind. 
Received by the Secretary April 1, 1938. 
* Reprinted from “Encyclopaedia Britannica,” or a Dictionary | of Arts, Sciences and 
Literature,” Third printed for A. Bdin- 
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wr 


builder. _ It seems inconceivable that a ties of these articles would not ies 


profited immensely both in obtaining a clearer mental picture of the princi- 


ples involved and the manner in which the forces distribute themselves ina | 


frame, but also in adding to his of 
ofeconstruction, 

The article on “Strength of Materials” is a mine of information to the 

of science. Its author considers tension, compression, and shear 


hig 


the resistances of various materials’ (particularly wood) thereto. He con- 


-siders Euler’s column in theory, and he derives a practical rule for estimating 
- the strength of a beam in bending which is in close agreement with modern 
ideas; that i is, he assumes that the strength varies directly. with the breadth 
of the beam and with the depth squared, and that a beam loaded oe the 

- center requires a strength that is proportional to the span and to the load. 
~Allt the theory presented is discussed in the light of f practical ies aa 
is translated into rules-of-thumb for the use use of the artisan. WER 
The article on “Roofs” contains a discussion of improper practice in 
joining wooden members, and - it ends with the maxim of Perronet, 1 namely, 
> make. all the shoulders of abutting pieces in the form of an.are : of a circle 

j having the ‘opposite end of the piece - for its center.” ‘Then, to connect this 
‘4 subject of roofs with other phases of wood construction, the author adds this 
_ sentence, " “much of wh what has b been said on this su subject may be applied to the 
construction of ‘wooden bridges the centers turning the arches of 

work of Perronet is discussed in the article on “Centering,” with 
critical insight and yet with admiration. This section treats of the history 
oft the development of the center to produce the stiffness needed for maintain- 
ing the shape of the stone arch in various 3 stages of its construction. | The 
4 author commends the center used by Mr. Robert Mylne (1734- 1811) for 
‘the Blackfriars Bridge, at London, England. This bears a striking 
_ blance to a Bollman truss, with the compression members and tension mew! 
bers reversed. The construction | consists of a number of | pairs of struts, each 
ye one beginning at an abutment and terminating ata joint on the outside | of 


- the centering, the « entire framework being joined together to form a structure 


In the article on “Carpentry,” the author again refers to ‘the work of 
He states, for example, that: how to 
“The strongest of all methods of piecing a tie-beam would be to set et the 


"parts end to grasp them between other pieces on either side 


Encyclopedia or Sciences, and Miscellaneous Literature,” 1798, 
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‘ng to its load and had vust 
‘of center which wa Iding to its load and he 
The author then describes the use of scarfing employed by Perrone 
in the bolts that connect wooden members _ Two fu 
eliminating bending 
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| 
—- of these and other joints are included, and two pages of illustrations of ; 


a — truss used by We 

ils § 

he by at Witting, Switzerland” refers with 
tion to a “bridge over the Portsmouth river in North America, 


inventor said to be a Mr. Blodget, 3 quoted as saying that he found 
the strength of this “bridge so great ‘that he could with perfect confidence — 
ith» make one of four times the span. Could this be the Piscataqua Bridge of | 
he ‘Timothy Parker built in 1794 and referred to by Messrs. Fletcher and Snow? = 

Finally, in recommending the best form for wooden bridge, the con- 
nd ‘‘telbator’ of this article returns to the ideas of the roof truss and the arch > 


. 
ne “The ‘reader must perceive that we have now terminated in the construc- 


ly, i tion of the Norman roof. We indeed think it the best general form, when 
some moderate declivity is not an insuperable objection. _ When this is the 


his : case, we recommend the general plan of the centering of the bridge of Orleans. — 
hi We would make the bridge (we speak of a great bridge) consist of four s 
— “trusses: two to serve as the outsides of the bridge, and two inner trusses, 
the a the carriage-way from the foot- paths. The road should follow 7 
of the course of the lower polygon, and the main truss should form the rails. a 
> It might look strange; but we are here speaking of strength ; and evident, but 
‘ate | } not unwieldly, strength, when once it becomes familiar, is the surest source 

of beauty in all works of this kind.” 
K. Is," Esq. (by letter).“*—The authors state that ‘ ‘as late as 
The 1s 930, there were between 450 and 500 covered bridges in use.” This must be 
for J} an under-estimate, because in n Chester County, Pennsylvania, alone ‘there are 
em- forty- four covered wooden bridges: at the present time. Nine were torn down 
en- in 1932, 80 ‘that, in this County there must have. been at least fifty- three 
ach covered bridges” in 1930. . Many of the other counties in Eastern Pennsyl- 
> of vania still have large numbers of such bridges. 
ture Aid Among the bridges still existing in Chester County is one of 100 ft span, 
ia ~ built in 1807 and ‘still carrying traffic, and one of 60 ft span, built in 1819. 
: of The latter bridge is shored up at the present time. The» writer believes ot 


15h a the one built in 1807 must | hold the record for long 1 life of Burr truss bridges, — 
the bs since Burr’s first bridge was built only three years earlier. 
* * | heh Most of the covered bridges in Chester County are of the Burr type with | 
cte ‘the wooden arches extending to a height about 2 ft below the eaves. White — Py 
- pine was used in almost ev every case. a Some of the bridges are of the a & 


21 
type, without diagonals in the middle panel, and with the floor-beams 
for hung upon a single bolt which passed through the center of the floor- -beam 


Fraser through the lower chord and about 1 ft to 1.5 ft higher through the 


“Encyclopedia or of Arts, Sciences, and Miscellaneous Literature: Sup- 
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Discussions 


post. notch cut in the post permitted the insertion nut into 


which the bolt was screwed. - Usually, this notch was on the outside of the 
«truss and covered v with the siding boards so so that iat inspection was difficult. 
iti is true that the : floors were the weakest part part ‘of these bridges, ‘but the 
4 writer has twice seen La perfect | compression failure of the arch rings. In 
Pr, ~° _ both cases the wood broomed out on all four sides, of tk the ring at the point of 


4 failure. In both cases, the arch v was : subject to a greatly increased load due 
q 


to the bridge | as a being much out of line. 
id. Bex," Am. Soc. C. E. (by letter) “This paper is most 


of sentimental interest, but of very. little practical worth i in this age of aie 
and concrete. The paper by Messrs. Fletcher and Snow should bring home — 
_ the fact that with only nominal care these old bridges have served their = 


pose with almost 100% efficiency over - periods of 50 to. 100 years, , and, there- 
fore, may be worthy of close technical study before: ‘it. is decided whether 


“serapped. The mortality of these old bridges has been greatly ‘increased in 


recent years because of the lack of knowledge concerning them and. the « con: 


offhand opinion that they are unsafe under present, 


Rs excess of strength everywhere except in their floor systems and lateral béscing, 
es irs s but no one has as yet described a method by which the distribution of stresses 

in the trusses may be analyzed. An exact. analysis is probably impossible, 
4 and, i in any case, would i involve s so many unknown factors that it would be 


highly impractical. In some cases 3 it is s possible, however, to arrive at . 
analysis of the primary ‘stresses in in the ers by means of 
assumptions and 1 simple graphic s station onl... j 
Several years ago, the writer was employed to a wooden 
e:. "spanning the Kentucky River | at Camp Nelson, about twenty miles south of 


‘Lexington, Ky. This bridge was in 1838 by Louis Wernwag. it 


all respects, “except that the outer | ones. are curved horizontally sc so as to 
flat arches, equa al and opposite. to: each other. The outer trusses are spaced 


ack about 25 ft, center to center, at the middle of the e span, a , and about 30 ft, cénter 


to center, at the ends. ‘The center truss is straight. and bisects the bridge, 
forming two one-way roadways. The general design is so similar to that of 
Ss the bridge over Cheat River, Preston County, West Virginia (Fig. 35), that 
both must have been designed by the same man. ‘The Camp Nelson Bridge 
a. ee ‘is much heavier, the arches being composed of six pieces, in two rings of three 
: = ey pieces each. There is also a double web system, the main diagonals being com-_ 
an — posed of two pieces each, passing outside the arch rings, and the single-piece | 
a Received by the Secretary ‘April 1933.0 
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counters” passing between ‘the two arch rings. ‘The we have 
pieces each, the center one passing between the arch rings and the others 


passing outside. | Thus, the arches are re clamped against lateral deflection by 
the verticals and diagonals. ‘The verticals are dapped over the arches and 


bolted to them, but the diagonals have : no connection to the arches, except by 


friction. illustrated description of this bridge, with a tabulation of 
i : maximum stresses and an outline of the method of analysis was published” 5 in 
1928 by the writer and J. K. Grannis, M. Am. Soc. E. 


It seems to be characteristic of Wernwag’s bridges that they have heavy 

arches with comparatively light ‘stiffening trusses, and thai their ends are 

anchored to abutments by tension rods. The Camp Nelson Bridge is 

: ‘composed essentially of three arches, each braced laterally and vertically by a a 

stiffening truss, and the whole tied together with lateral trusses at and 

of f application of loading on on each arch are spaced 


normal to the curve of the arch. . Dead and uniform live loading, therefore, 
causes compression in the arch, coincident with its center line. a The truss is 
not stressed except by eccentric loads, under which condition it. distributes 
the loads uniformly to the arch, thus limiting all stress in the arch to ‘com-— 7 
pression. The stress distribution can be ‘reasonably compared to that: in a 
“suspension bridge, the only difference being that i in this ¢ case there i is an arch 
in compression instead of a cable in tension. é With any eccentric load on the 
truss, it tends to rotate on the arch. ‘This ‘must be counteracted 


the dead weight of the truss, or by anchoring the ends to the abutments, and 
‘it is interesting to note that the trusses of the Camp 1} Nelson Bridge were 


ee 


es by wrought: t-iron rod rods from, “the of ‘the: end 

be _. The trusses by Burr and some others do not lend themselves to stress 
a : analysis as readily | as those by ‘Wernwag, as they seem to have 

of , > the principle of a _ simple truss aided and ‘strengthened by arches, so. that 

there is no definite place where truss action ‘stops and arch action begins. 
~ B would certainly be on the safe side to make the analysis: on the basis of ¢ a 
of stiffened arch where the arches have adequate lateral and vertical support to 


| prev ent distortion, but as the dead loads of these bridges greatly exceed the | 


loads, it is more practical to assign the dead load to the arches 
live load to the trusses and analyze them separately. Tn any case, 
ed sla Hem, and mnst sup 


3 main point which the. writer to make is that the old wooden 


bridges should not be condemned and scrapped just because they were not 


designed with the aid of present- -day engineering knowledge. and standards. 
Many of them | can be made safe and serviceable for modern traffic by very 


he 


BS simple, repairs pa reinforcement of their floors and lateral bracing or 


ata small fraction of the cost of removal and replacement. 


we Vol. 100, 4, February 9, 1928, P. 234. 
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box eon IS C U S S I O N S hee a 
PROBLEM | OF SOIL 1 IN TRANSPORTATION 
MEssrs. WILLIAM T. COLLINGS, JR., R. F. ‘WALTER, HARRY 
BLANEY, AND CALVIN V DAVIS AND DIRK A. DEDEL 
am T. CoLLinGs , IR. M. Am. Soc. ©. E. (by letter).”* —Interesting 


data on the problem of soil transportation have been presented i in this paper. 


4 The author has provided. a conception of the magnitude of the enormous 


4 quantity of material carried 1 by the > Colorado River, both in suspension 1 and 
along its bed. - This problem is one that has confronted engineers o on irriga- 
tion projects: in the Lower Colorado ) delta region for years, and much has 


been written on the ‘subject. As the author suggests, a ‘thorough ‘understand-. 


ing of these data is necessary y by those engaged in the design of irrigation 


works on, or leading from, the river. er 
rer al 


The writer is particularly interested in a consideration of the merit 


plan proposed by the author for eliminating the desilting basins shown on the 
i 

Government design by substituting a horizontal partition separating the 

to the head-gate structure. - The author makes the following statement: _ me 


Prey diversion structure placed across the river normal to the stream, pro- 


- vided with such a partition and under-sluices, “properly proportioned, will 
exclude, automatically, all the bed load and that part: of the suspended load 
_ in the lower water that passes under the partition.” tao 


A number of questions arise as to whether this statement can be borne out 

7 in n entirety in application to the head-works of the All- American Canal, con- 

- sidering: factors of major importance, such as magnitude of the structure, 

fluctuating river flow, available sluicing heads over above irrigation 

1 requirements on the canal at perio iods of low-river ‘discharges, shoaling, depend. 

Under normal or average conditions of. river inflow to Boulder’ Canyia 


: ~ Reservoir immediately after the e completion of Imperial Dam—and for the 


we 


s of a 


~ 


ty 


first few years of the operation of the head- works, and when power ‘demands 


ss Norm.—The paper by S. L. Rothery, M. Am. Soc. C. B., was published in December, 
1932, Proceedings. Discussion on this paper has appeared in Proceedings, as 
April, 1933, by Messrs. Cc. EB. Grunsky, Ivan E. Houk, and H. M. Rouse. et pe Wet 


Bngr., Imperial Irrig. Dist., Imperial, Calif. 
Received by the Secretary March 10, 1933. 
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ee head available. Meow 0.6 ft as the approximate loss of head through trash 


_ —there should be no occasion for close conservation of sluicing water at the 


~ head- -works. However, firm power from Hoover Dam has been based upon © 
‘output obtainable in low run-off periods as determined | by run- off records” 
- from the Colorado River over a period of thirty ye years or more. The same 
: conservative principle should be applied in the design of desilting works as 


—_ capacity for sluicing operations 3 in anticipation of possible low- period 


will be close to 19 000 sec- taking | into consideration water 
the Yuma present Imperial a and Coachella ‘demands, an and 


“gate of the desilting basins as ting head, ‘the river 
“required _at the head-works would be 15000 sec-ft. Under fu ill development 
ee the canal project, the full 1 capacity of 15 000 sec- ft for the first reach of _ 
the canal to the drop for the Yuma Project is anticipated. | “Sluicing head | 
then becomes a quantity over and above 15000 sec-ft. It | can be seen that 
e: ‘under conditions to be anticipated during periods of low-1 -river flow, approach- 
-. those | of firm power output at Hoover Dam, economy in sluicing head is 


The multiple-basin plan seems to offer a more dependable and conserva-— 
ae design, from the standpoint of sluicing head, than that offered by the — 
.. author. While no definite quantity has yet been determined as to the mini- — 
mum required under the ‘full capacity of diversion with the six basins in 
=, the writer believes that 3 000 sec-ft would be quite ag if not ‘ 


ah in excess of requirements under the heaviest silt content, in so far as 3 


‘pe periodically to the river channel below the structure. Referring ‘to 
“Rig 5 of the téntative plan shown by the author, using the width of 700 ft 
in ‘a uniform approach channel and 8 ft as the depth of water in that part 


of the water cross-section above the horizontal division wall (or what might 


be called a “w water splitter”), the resulting mean velocity of approach for 


e. 5000 see-ft of water becomes 2.68 ft p per ‘sec. e. Assuming 4 ft as a minimum 
eget: of water below this wall, the water cross-section below the wall line 


Pr produced and immediately up stream from the inlet to the under- sluices, is 


2 800 s sq ft. _ The mean velocity of approach i in the full cross- section would be © ie ji 
Approximately ‘at the location the horizontal division (or about | 0.7 ft 


above). The mean velocity in the lower part of ‘the water section would 
RT 
“depend somewhat ‘upon the friction factor on the bottom of the ‘approach ~ 


channel, ft being a safe minimum v: value to use. The mean velocity in 
ae full water section would be approximately 2.4 ft per sec. ~ Assuming that x 


these. Velocities remain unchanged at the entrance to the under- -sluices, the | 


di ischarge | through the sluice- “gates: would be 4 760 sec- -ft (neglecting the cross- 
section | area of the longitudinal ‘supporting walls and horizontal partition). cy 
Y _ Considering inlet- -gate capacity to the canal flume alone, the width of 700 
-~ or 750 ft, as shown on the tentative plan, does not utilize ‘all ‘the 2.0 ft a 


ac 
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IN COLORADO RIVER Discussions 
the net head would ge 1. 4 ft, ‘resulting in an intake velocity 
of about 5.75 ft per sec. Using 7.5 x 20 = 150 sq ft, as gate-opening, the 
i‘ a wapacity of one gate is 860 sec-ft, pee the total width of the gate structure 
‘would be more nearly 400 to » 450 ft. The increased velocities ‘resulting in a 
erent approach channel would be reflected in the lower section of the 
water cross- “section. To compare the sluicing head, consider a 400-ft width 
ee channel and of same water depth and like dimensions, of 8 ft above 


ove the 
partition line produced up stream and 4 ft below this line, the respective | 
areas in section would-be 3200 and 1600 sq ft. The mean velocities in the 


and ‘sections would be 4.68 ‘ft and Jin excess of ft per sec, 


would be 42 ft ‘per sec. that these velocitioe “were 
unchanged at the entrance to ‘the under- sluices, the quantity of water passing 


wader the partition and through the sluice- -gates would be, conservatively, 


> 


be tween 4800 and 5000 sec-ft. Tl his 3 comparison is not a suggestion that 

the width of the | gate structure and approach channel in such a design should 

Provision for fuetuation in pond depth above the structure would be neces- 

2 sary to provide against overtopping the overflow weir at low discharges, which 

writer believes that the 

an amount of $000. 3 000 cu ft per sec, under normal ‘or low 
Ys vtiomias ould oti t 

_ There will be fone when the and sluices would be 


ay be limited to the minimum required for the maximum diversion quantity. 

is accomplished by a widened structure. 
_ multiple- basin plan would prove to be more economical in sluicing water by 


suggests satisfactorily in segregating the bed load of 
‘soil. There will necessarily be fluctuations of heads to varying demands 
from _irrigation and power, and these fluctuations must be controlled 


€0- -ordination of operation of the intake gates to the flume and the 
Sluice gates at the ends of the ‘sluice culverts. Under most favorable condi-_ 
tions, in order ‘to maintain undisturbed velocities at the e intakes i it, would 


Seem that each battery of gates for the full width of the structure would have 
be operated as a unit. material Variance in discharge through 


adjacent sluice-ways would 1 result in disturbance in approach velocities 
creat ng turbulence sufficient to put large quantities of the heavier materials . 
into suspension and carried above the partition and into ‘the flume. Asa @ 
of practice it would seem that such a -ordination of gate operation, 
-with about fifty gates involved, would be most questionable of attainment. 
Considering the | effect of longitudinal supporting walls and the in nstalla- 
an tion of trash tacks at the entrance to ‘the sluice-ways, each of such walls 
becomes virtually a water s splitter” ina vertical plane. Jf the horizontal 
could be permitted a considerable. over- r-hang up stream, these might have 
but little effect “upon | the approaching water. velocities. No over-hang of the 
ould be permitted up stream from or above © the trash racks. 
er-hang must necessarily support: ie racks from lateral 


The cantilever action in the over or hang world limit ‘its length to 


vor 


Therefore, any 
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that of a . short | lip unless heavy beam reinforcement was ‘added, which beam 

: construction would be objectionable as an entrance factor. _ Submerged débris 

lodging against the trash racks above the under- sluices would, best, be 

difficult to remove; but if lodged under any any permitted over-hang it would 

4 be almost impossible to flow conditions. It thought that 

combined effect of trash racks and vertical | ‘partition wa walls would be 

| adverse to a continuous and unobstructed ree toa a free discharge 


_ Another serious consideration i in the design of a structure of such p propor- — 
or particularly with a large number of gates, is the matter of maintenance. 7 
Accessibility to. gates and sluice-\ ways in cases of repairs is n necessary, an = 
his with ‘the: minimum interruption of of diversion and sluicing 


The ma maintenance of ‘the basin structure would be comparatively simple where 


impairing or ‘interrupting ‘the operation of ‘the others. 


The : aggregate capacity of the tentative design lee - the dam and head- ae 
works by the Bureau of Reclamation is 259000 sec-ft. It is unlikely 


under regulated river flow the head- works will ever be called upon to utilize 

any quantity closely approaching that capacity. bi However, it is not unlikely 


-rado River under “food it is hazardous: to predict what may be 
- extent of shoaling and d channelizing above any structure that tends to diviio 


the flow of ‘the river. . Tt seems reasonable to believe ‘that, under a sudden 


restored, or or at least: to interrupt inflow | to the | diversion gates. In looking 
forward the operation and maintenance of the head-works, naturally, the 
engineers of the Imperial Irrigation District hopeful that the design» 
eventually ia adopted will any possibility of dredging operations; 
ss At time the location surveys were being made by the Bureau 
“ Reclamation for the All- American Canal, the engineers of the Imperial Dis- 


triet did some research work on certain of the main canals in determining 


in the of canal The studied were the Alamo Canal 
4 (the main canal through Mexico), at Alamo Mocho Station; the East High- 


line Canal at “B” Heading; the Central Main, Briar, and West Side Main 
Canals at the International Boundary Line; and the West Main | Canal 
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TABLE 1.—Srupis ‘TO DETERMINE OF FLow 


Area, A, Ww etted ‘Velocity Flow, Q, Chez 
y 
Hydraulic | . in cubic | Kutter's 

in square perimeter, radius, r in feet feet per ffi- 


feet | p,infeet) per second | cient, C 


ALAMO CANAL, AT ALAMO Mocno Station, Mexico; S=0.000255 we 


Ry January 6, 1926 

January 10, 1926 
February 11, 1926 
February 1, ‘1926 
_ December 6, 1926 

October 12, 1926... 

March 4, 1926 


yl 
8, 1926 


tot to 


4 107 


09 09 09 09 


mber 25, 1928... 
_ November 19, 1928. . 
January 28, 1928 
October 10, 1928 
October 27, 1928. 


January 28, 1928 

September 4, 1928 
23, 1928 (89.7 


it ad CrentraL Main Canat, BouNnDARY 


April 13, 1928 38.08 

January’, 82: 40.87 

March 25, 1928 43.69 

ay 4, 1928 181: 46. 


~ 488. 6 


38 


g 


{= 


ATION, CALIFORNIA; S= 0. 00044; 


SEcOND-FEET 


0.0188 


0.0200* 
01958 
; 

46.79 «| «750.69 | 95 ze 

48.71 4.15 =| 905.84 | 93 


(d) West Marn Canat, Bounpary Meter Sration, Carirornta; S = 0.000525 = 


se 59.2 27.2 | 2.18 | 2.02 | 119.61) 59 | 0. 033 
| 36:7 3193, 76 | 399.29 | 0.031 
40.5 | 4. 3.13 «600.1 0.032 

225.6 | 41:8 | 5.38 | 3.34 | 751.3 | | 0.032 


(e) West Sms Canat, DRaIn METER STaTIoN, Cauirornia; S=0. 00038 


January 20, 1929. 033. 
January 7, 1929... of 
February 15, 1929........ 
pecan August 28, 1929 
August 5, 1929........... 
July 12, 
August 22, 1929 
May 6, 1929 
May 11, 1929 
21, 1929...... 
204 June 21, 1929..... 


Briar CaNat, AT INTERNATIONAL Bounpary Ling; S = 0.000382; a 


September 3. 1028. 
June 18, 1 


— 


— 
— 
a} 
— 
— — —— 
680.0 | 121 102 «| «010195 
— 661.5 | 122 90 | 0.0230 
— 738.8 | 123 8 «| 
632.8 | 125 (142 | 0.0135" 
8 | 124 .93 0210 4 
21 | 36 a 
— 
Easr Hicniine Canatgar “ B” Heapina; 8 0 
182.5 B45 | 3.35 705.1 101 0.01838 m 
— 256.2 | 57.5 100.6 | 106 | 0.0183* ti 
— 21, 1928 269.8 | 58.3 201.6} 113 | 0.0175 
tober 21, 192 301.6 | 108 | 0.0183* 
— | 0s | el 
4.58 1598.5 | 108 | 0.0183 
Oh 
— 
— 
— 
— 
17, 1928............ | 27.60 | 2.16 8.020 1 0.0210 


canals were determined by field and was computed fror 

the Chezy formula: v= Vrs. The values of n n were determined from a 


of functions computed from Kutter’s formula. Considerable thought 


was given in these studies to the determination of non- n-silting and non-— 


- At Alamo } Mocho Station, the Alamo Canal is known to silt and scour 
= or less. No doubt, this explains the | erratic values in ‘Table i (a), 
| which shows * very low value of nm at medium | discharges and high | values at 
‘ high and low discharges, when silting and scouring, respectively, occur. pa 


Referring to Table 1 (b), it is to be noted that the results show a \ very 


show a quite ‘consistent. value of the friction coefficient, say, a a of 
0185. In Table 1 (c), the variable n-values for flows between 100 and 
400 ft ft per see, are probably due to the effect of silting at low velocities. Tt My 
value of n in Table 1 is approximately 0.020. 


‘The West Side Main Canal just below the meter station at the Interna- 


tional Boundary ‘should not be considered typical of a non- -silting and no’ non- 
| ‘scouring canal. The sides and bottom of this canal show a hard and tight © 


day, and an eroded rough surface. This results in the unusually high 


coefficient of friction as evidenced by Table 1 (d). 
a the Drain Meter Station, t the WwW rest Side } Main Canal i is practically self- 
maintaining. What silting ‘may take place at low heads is relieved when 


_ these heads increase, and no cutting of the lied takes place at maximum 


“heads. It is to be noted i in Table 1 (c) that the ‘functions are quite con- 


j sistently related through : a a range of flow from 450 to 650 eu ft ; per sec. | The 

val ariation of Kutter’ s n is also uniform, 
ee The Briar Canal functions under a light grade and comparatively slow 
_ velocities, which tend to permit the rapid deposition of silt under normal 
heads. Briar Sluice at ‘Birch ‘anal was installed after the “meterings 


4 listed in Table 1 (ff) were taken. “) This canal should not be considered typical 


of those that are non-silting and non-scouring. xd 


E & The action of bed silt is interesting in the fact that at times the meter — 


gauges: will indicate a ‘smooth even cross- section and then, again, large holes” 


i are found across ‘the bottom of the canal caused by a movement of the bed 


* 


silt. It has also been noted that even where canal has been considered 


_ self- -cleansing there are times when 1 large quantities of bed silt will move in 


raise the bottom considerably. will last sometimes for only a 


or two and again for a period of sieiaal weeks. This | movement of bed an 


large fluctuations in canals of the of the Alamo makes it it 
| to maintain a regulated flow. oe 


+ From Table 1it will be noted that these silt- -laden canals of | of the Imperial 2 ay 
‘System function under high velocities relative to o earth canals. is true 

) in cases for discharges a as low as. 50% | of the canal capacities. — Close observa- 
tions of the functioning of t these canals under varying heads indicates that 
under flows exceeding about two- thirds of the full trouble i is 
experienced in the silting in or scouring out 
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WALTER ON TRANSPORTATION 


< 


those excessive grades. Relatively high veloci- desi 
ties are required, also, to maintain movement of the bed load, which i is often whi 


ts "Information. that is helpful in the consideration of velocities in a channel 
of approach to a desilting ‘structure, whether it be to function automatically, 
by settling : basins, or by mechanical means, might be gained from a study of 
Table 1. _ The writer is of the opinion that it would require a mean velocity 
ee closely approaching | 4 ft per sec for an unlined channel of 15000 to 20000. 

sec-ft capacity, in order to keep the bed load of silt n moving g with a sufficient 
degree of uniformity. Mean velocities i in excess of 4} ft ‘per sec would 


to These deductions are also based on the 


‘canal studies were ‘made. corre would be to 
the “acceptance of eliminating entirely | the basins in favor of under- sluice | 


operation where | ‘so wide a. channel is involved. new 
At the present writing (1933) engineers of the Yuma Project are con- n- 
ms ducting certain silt studies at the project diversion at Laguna Dam. , Most 
certainly, as the author suggests, the correct ‘solution of the problem > in the 


design of the 3 Imperial Diversion warrants sufficient research. work along this 
line. 


F. Wares,” Au. Soc. (by letter) -The author 
mitted a valuable and opportune paper, which is of particular interest to the 


writer due 1 to his connection with the U. S. Bureau of Reclamation, to which 


6 organization has been entrusted the duties of designing and constructing the 


oan, works discussed. _ The structure referred to, and for which tentative plans are 
shown in Figs. 5, 6, t; and 8, has been officially designated, Imperial Dam. 

‘With its appurtenant works, it will constitute the diversion and desilting 
‘anianns for the All- American Canal. om The design and construction of these 
works n¢ now (1933) await certain legal actions and the ee" of Ma 
mecessary funds by Congress: 
* Tn his acknowledgment, Mr. Rothery makes reference to certain material 
fa for the preparation of Figs. 5, 6, 7, and 8 of his paper, as having been made 


a) available through the writer. ‘The material referred beg is a drawing: showing 


cost of $3 375 000 for the desilting Both the cost 


et the drawing referred to by the author, ‘ate part of a report ‘by one of 7 3 
the engineers” of the Bureau’ of Reclamation on the All- American Canal 
investigations carried on during 1929 and 1930. The report is dated May, ‘D: 


a “While it was doubtless" not the author’s intention to give the impression 


j that the plan furnished him or r the estimate of yor were > other than tentative, 


- 


 #Chf. Engr., U. S. of beaver, Colo. 
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= sluicing period. This is necessary because there is one basin 


: increased capacity of the All- American Canal, six desilting basins were tenta- 
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s be the usual operating condition for many years after ‘the canal is put into 


designed and for is not the case since the plan 
which | was the basis for the estimate is of a very preliminary and 2 
_ The investigations leading to the report of May, 1931, were ‘conducted i in 
“the s same manner as other similar investigations of the Bureau of Reclama- 
tion. Only sufficient field su surveys and office designs were made to permit 
_ Teasonably dependable estimates of cost being prepared. For such a prelimi- i 
“nary report and estimate it was obviously not practicable s to go carefully into 7 
design of a structure of such uncertain operating characteristics. Instead, 
- and as a basis for a tentative estimate of cost, a sketch. plan’ was made for a 
_ structure somewhat similar in its operation features to the Laguna Dam at 
the head of the Yuma Canal. T he desilting plan at this dam, while being far 
from ideal or of great efficiency, has served the Yuma Project for many years. _ 

ae Reference is made by Mr. Rothery, to the methods used by the ee 
Trrigation District to “prevent, ‘in so far as possible, the bed load of the | 
Colorado River being carried through the canal. This has proved to be 


expensive undertaking and it is known that. the District's officials ‘consider 


Yunis 


even, the Laguna Dam method of silt removal a great improvement over the 
method used by the District, and by comparison quite ‘Satisfactory and 


and no by- -pass. obviate this. necessity, and in ‘order t to earry the greatly 


tively proposed for construction at Imperial Dam. _ With this system the full 
capacity. of the canal could be passed slowly through : any five basins while the 
sixth was being sluiced of its accumulation of of sludge without interrupting 
full canal diversion. For or Jess than full canal ca capacity (which will doubtless 
“operation, ‘and even then for the greater period of each year) less basins 
could be utilized, but probably a better plan still would be to utilize fi five 
i ~ basins, i in which case the flov through the basins would be at a reduced rate, 
permitting better settlement conditions. For velocities of less” than 0.5 

per sec appreciable quantities of materials that are on the border line between ; - 
and suspended load should settle out in the basins. 


Whether quantities of suspended material, such as would justify the large 
tentatively considered, will settle out with the depths necessary in 
- the basins and | at velocities of flow required, should be known definitely when | 

very carefully planned investigations now being carried on at Laguna 
are completed. These’ investigations should demonstrate quite definitely 
“the efficiency | and economic practicability of this type of basin. © Due to ad 
availability of suitable materials—earth for the embankments and rock for 


City rap—the excess cost of 1 this type of desilting works will not be as great ee 


7 


as might at first be assumed, because of the long embankments required in e. 


the construction of the basins, compared with the cost of the more simple 


_sluicing structure, shown i Figs. 5 a and 6. “However, should the ‘present 


f 
* 
= 
| 
A 
— 


investigations show that no great effcieney is one by building the large 

i: It is not the writer’s intention to enter into a Gecussion | of the compara- 
te merits of the desilting plan upon which the estimate of the Bureau of 

‘Reclamation + was based, or of the simplified desilting structure suggested by 


“es the author, since certain important investigations being conducted by the 


é a tion of final designs, have not yet been carried to such a a point ‘as would 
justify such a discussion. ‘However, several different plans for the exclusion 
of silt from the canal, both bed and suspended load, have been, and a are, being 
- < “= gil The general plans considered cover a wide range of construction, from the 
‘simple sand- -trap structure of unknown efficiency, to a comprehensive 
system of mechanical clarifiers of ‘relatively known efficiency, such as are 
used in connection with municipal water purification plants and certain” 


“mining operations. 80" -cealled vortex tube, with its various modifications, | 
“ ea has « also been given consideration for the removal of bed silt that it may not 


difference i in first cost of the various considered is very 
great and not directly comparable since the performance expected from each > 
plan is quite different. One familiar with the silt problem of the Colorado 
ovat y requirement for increased efficiency in in the removal of the noearid 
8 silt transported. — Pr The final choice of f plan may not be based purely | on first 
‘cost, or on operating cost, ‘since the « question of efficiency in operation and 
desirability as regards the quantity of suspended silt to removed, 
a deciding influence in the choice. “Io 
Each succeeding year brings out more clea rly Be detrimental effects, to 


n District, of irrigation mn with water containing large quantities of suspended aes 
colloidal materials. Water users have been known to have closed their head- 
= gates and to do without water for limited periods, , rather than to accept water 

especially heavily laden with fine silt. _ Whether it is economically possible © 

to remove such materials « or whether the construction ‘of Hoover Dam, and 

‘possibly Parker Dam, will correct this 


The -author’s suggestion that the silt carried in suspension, the 
on years ,of canal operation, will be of benefit to new land and lateral 


is developments, a and should be taken advantage of in connection with the develop- | 


new sandy soil, may have some -unfortu- 


have been brought until after the stabilizing effects in 
river shall have become felt and the of silt. carried i in suspension 


> 


- Bureau which are ‘expected to furnish the fundamental data for the prepara- ff 


on 
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gussed in his paper, but on on ement; that is, 2 


wherein h he su suggests that due to the : permanence and : importance of the , control 


structure, competent investigations and research pertaining to the silt problem 
- should be made so that bests much as possible of the present guesswork will be 

= In line with this suggestion the Bureau of Redlemation has slzeedy, made 
: an | exhaustive research of published literature in this as well as in many — 
2 foreign countries, in an effort to have available all. data bearing” on the silt 
problem. — Access has also been had to many records and reports not available — 
in published form. A bibliography of all such information has s been 5 prepared 
is being added to as rapidly as new data become available, fy 

_ Records have been kept of the quantities of silt carried in suspension in | 
Be Colorado River at Yuma, Ariz., for a period of more than eighteen years. 
- Records of silt content at ¢ other points on the river are also available. These © 


as regards the content of suspended silt are considered quite adequate 


by streams. Study is being given matter and plans" are 
(1983) under way which ‘it is hoped will give reasonably accurate 1 
ments: of the quantity of total silt load in the Colorado River in the vicinity 
of the All- American Canal diversion. _ While positive determination of the bed — 
Toad may not be p possible, it is , confidently believed that results ean be obtained 
that can be in the design of f desilting works with greater a assurance of 


As stated previously, carefully 1 planned investigations are being made 


Laguna Dam in an attempt to learn additional facts regarding silt in the — “a 


7 Colorado ‘River. Analysis of the silt carried in 1 suspension, a: as well as a 
deposited in the -desilting basin, is being made. By use of the hydrometer 
_ method, determination is being made, not only of the ‘particles susceptible 


of analysis by the sieve method, but, of sizes down to those that 


Z require as much as two hours: for settlement in still water in short tubes. It 
me! is hoped that determination can be made of the rates of settlement of the 


both: in water and at rates of flow such 
Mg type of ‘desilting 


different more comprehensive program of investigation 

nd laboratory experimentation | has already been outlined, but this can be 


undertaken only in case a special appropriation for the “work a made avail- 
ble. During these investigations it | is hoped to be able to ascertain ¥ with some 
degree of accuracy ‘the quantity of silt that will be carried to the Imperial 
am, under flow conditions such as. will ‘obtain in the river after the con- 


“struction of the Hoover and Parker Dams, and with the regulated flows 


yf 


required for diversion and sluicing the river channel and keeping it cleared 


g 


aT 


ture. 


000 sec- ft will probably be of rare 0 occurrence, a few after the 
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BLANEY ON SOIL TRANSPORTATION IN COLORADO RIVER _ Discussions — 
a completion ‘of Hoover Dam. yi Discharges of less than this. quantity, even with | 
clear water released from | the reservoirs, may ‘not carry the quantity of bed 1 
‘The au author has called attention to an important problem in the develo 
ment of the All- American Canal System, and one that must be given a great 
amount of consideration. Another problem, , or rather a part of the same 
problem, that has been given little consideration in his paper, is that of the 
disposal of the sludge returned to the river from the partly desilted water 
diverted to the canal. This may prove ‘to be one of the most discouraging 
"problems of all. However, in some respects, the conditions will probably be 
favored | by the natural in the sequence of operation of the Hoover 
“ Dam and t the All-American Canal. ‘ For example, during the early “stages: of 
operation of the canal, only’ partial capacity will be required for the purpose 
of irrigation and power ‘development along the canal. This will call for 
_— desiltation of a reduced quantity. of water with a “resulting decrease in the 
ail of sludge returned to the river. F urthermore, a relatively large river 
— Habiage may be available, during the first few years of canal operation, for 
in sluicing the sludge discharge down the river. Another factor that will 
also tend to diminish, possibly quite materially, the sludge return to the river 
a below the Imperial Dam, will be the construction in the river of this. dam, 
the crest | elevation of which will probably be nearly 25 ft above the present 
elevation of the river bed. The dam will create a temporary ‘reservoir of 
appreciable area that will act as an effective settling basin during the early 
period of canal operation. On the other hand, it t may be that during the first 
few years ¢ of river re- -adjustment, after | completion o of the Hoover and Parker 
_ Dams, relatively high river discharges: will si still occur and even greater quan- ) 
tities of bed load materials than at be carried to the Imperial 


Harry F. Assoc. M. Aw. Soo. diy. letter) “*_The author 

<4 has contributed a valuable paper on the subject of silt transportation. Mt is 
Ba} of special interest at this time because large’ sums of money will be spent 
during the next few years building structures to utilize the waters of the 


ie a Colorado River, and the success of such projects will depend primarily 1 ‘upon 


diversion works are properly designed for silt, control. The paper 
brings. out clearly ‘the fact, not always recognized in the past, that the bed | 
~ load in the river is large and that the control of bed silt is one of the n major 
problems confronting the designer of head- ‘works: the Lower Colorado. 
In 1926, Samuel Fortier, M Am. Soe. C. E., , and the writer prepared a 

report on a series of silt investigations on the Colorade River, conducted by 

- the U. S. Department of Agriculture from 1907 to 1925. One of the sur-— 
prising facts revealed in these studies was that the suspended silt load in the 

river at Topock, ‘Ariz., was greater than that at Yuma, Ariz., 206 


me miles farther down stream. - Comparison of the normal annual load at ; Topock 7 


4 Trrig. ‘Engr., Bureau of Agri. Eng., U. 8. Dept. of Agriculture, Los Angeles, Calif. ie 
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~ with. that at Yuma, exclusive of the Gila River, indicated that 36% of the silt 
a at Topock either passed Yuma as bed silt or was temporarily deposited i in the . 
4 channel or flood plains above Yuma.” An investigation by Mr. C. S. Howard” 
confirms this finding. The average of his results for a 3-year period ending 
[ ‘September 30, 1928, shows that the annual suspended matter carried by the 
river was 286 000 000 tons at Grand Canyon, 231 000 000 tons: at Topock, 
174 000 000 tons at After applying a correction factor by estimating 
4 the inflow of the Gila River above the Yuma Station, these data indicate that 
if about 34% of the suspended silt load at Topock became bed silt before reach- 
Yuma. difference between the average annual “quantity” of sus- 
pended silt measured Gr and Canyon. and that at Yuma , exclusive of 
the Gila, | is estimated as 2.000 acre- ft, based | on the assumption ‘that 12% 
. of the ‘silt. load at Yuma comes from the Gila River,” and that the dry 
“weight of silt is is 85 Ib per cu ft. Undoubtedly, most of this becomes by bed silt. 
_. Thus far, no method has been dev eloped by which the volume of material 
; - moved as bed load can be measured. The aforementioned calculations may 
a means of approximating the al of bed load carried by the river 
past the diversion works contemplated for the All- American Canal. 
writer, is of the opinion that as the river emerg cany: 


es from the canyon section, 
it is carrying its greatest load of suspended ‘silt due to the steeper grades, 
By! velocity, and churning effects of the canyon section ; then as the river 
- flows on flatter grades below the canyon section the heavier silt is : temporarily 
“deposited a and becomes bed sil silt, or Tests on the bed of the channel until a flood 


= it farther down stream. Many estimates have been made of the | 
~_yolume of piers by the Colorado River and some of them are boll 


7 4 Dole and LaRue*....| Yuma, Ariz..... 1895-1914 

Rotheryi Yuma, Ariz..... 1912-1921 | | 94800) =... 
3 Fortier Blaney4..| Yuma, Ariz..... Average 119000} 19000 

Grunsky**...... iz.....| Average i 

1925-1928 | 86 | 152 

) 


Water Supply Paper $95, U. 8. Geological Survey, 1916, p.222. + Report of All- ‘our. Cane! 
1920, p. 25. PR Colorado, River Development Senate Doc. 186, 1929, p.52. § ‘* Prob- 


lems of Imperial Valley and Vicinity ", Senate’Doc. 142, 1922, pp. 34. Transactions, Soc. 


. C. E., Vol. LXXXVI (1923), p. 1410, gq ‘“ Silt in the Colorado River and Its Relation to a. Boo. 
tion Technical’ Bulletin No. 67, U. 8. Dept. of Agriculture, 1928, pp. 61-62. . ** Transactions, 
Am. Soc. C. E., Vol. 94 (1930), pp. 1118, 1126. Suspended ‘Matter in the Colorado in 
ma | “Suspended Matter in the Colorado River in 1925-1928,” by C. 8. Howard, Water 


Supply Paper 636-B, U. S. Geological Survey, p. 24 
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DA DEDEL ON SOIL TRANSPORTATION IN COLORADO RIVER Discussions 


The gives the reader the impression that ‘ “the traveling suspended 
cannot be greatly reduced with the desilting basins.” It is true 


_ desilting has not been, so successful at ‘the Rockwood Heading of the Imperial 

‘Irrigation District, due primarily to the fact that the river is not regulated 

and practically the —_ flow is diverted | into the heading at extremely low 


stages of the river. _ However, experiments made in 1918 by the Bureau of 
Engineering on the efficiency of desilting at head- works 


av eraged about BT per Raymond A. ‘Hill, M. Am. Soc. E, also car- 
-_ ried on experiments at intervals during several years, and he found that 


desiltation ranged from 18 to 0% with an average of 50 per cent. afi 
a While the intake at Laguna Dam for ‘the Federal Project at Yuma, is the : 


“most effective that has been installed to date. on the Colorado River, in rid- , 

ding: the water of its heavier silt it is creating a soil problem that may be 
‘difficult: to solve. By the desilting process the clays and colloidal material 


are ) separated from the sand in the silt and deposited on the irrigated land. 
This annual | deposition is bringing about a change in the character o of the 


surface soil, making it more sticky, more difficult to, cultivate, and more 


The writer that the term, “silt,” is prefera able the term “soil,” » 

_ in ‘the tit title of the paper, , since | the term, “silt, ” is } how more commonly ‘used 
_ by ‘engineers ‘and is subject to ‘leas. criticism by. soil authorities than in ‘the: 


Vv. Davis, Soc. C. E., Dirk A. DEvEL,” M. Am. 
- Soo. C. E. (by | letter). —This paper describes excellent designs fo for structures, 
a to re remove silt and bed load, which are re appurtenant to the “proposed. Colorado | a 
River diversion dams. In view: of the thoroughness with which the author has 

treated all phases of this problem, it is difficult t to suggest | basic improvements _ 

in his tentative plans. J ‘Several individual elements of the plans, however, may — 
be. discussed to o advantage, owing to the fact that alternate, ‘designs capable of oe 
In Fig. 6 (a) ar and Fig. 8 (a), the inicio has shown, up gens of the 
"diversion works, intake tubes that consist of a floor and a horizontal partition 
by 
supported by light vertical walls. These intake tubes are intended to convey 
_ * major portion of the traveling bed load to conduits which either pass directly a 

_ under the dam and flume and discharge i in the river down s stream of the flume, ; 


as . shown by Fig. 6 (a), or r turn at right angles at the toe e of the intake struc- 


Be ture and discharge | in ‘the river below the main diversion dam, : as shown by 


= beuel The writers are ica opinion that while the intake tubes, as shown in 
a Fig. 6 (a) and Fig. 8 (), will trap most of the ‘moving bed load there is the 
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‘DAVIS AND | DEDEL ( ON ON SOIL TRANSPORTATION IN COLORADO RIVER 
ibility that under certain flood conditions a part of t this bed load may pass” 
i. modification of Mr. Rothery’ s intake design which the writers believe. 
“will, under all flood conditions, eliminate the traveling bed load and ‘most 
| of the suspended silt load before it reaches the canal, is shown by | me a 


ay, 1983 
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Training 
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‘Canal 


of Intake Tubes” 
Fiume 


(a) PART PLAN OF INTAKE DESILTING BASIN AND FLUME 
al 
at Silt Conduit 

Conduit Connecting __Main Ri 


e 
PAR 

1ON TO Gates Dischan 
J ging Cheer Water 
‘SAND Desilting Basins into Canal Expansion Joints Coated sid 
y with Asphalt Putty 

| 

Gates Discharging Conduit Discharges between i? 


. 


which j is a a draft distributor devised by Mr. R. D. J ohnson and the late Petrus 
-Wahiman, M. Am. Soe. C. E. ‘This modification on merely consists of 


ing a slot of the type shown in Fig. 9, in the | top of the intake tube, for the ee 
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| DAVIS ANT AND DEDEL ON som. TRANSPORTATION IN IN COLORADO RIVER RIVER am Discussions 


horizontal partition and rectangular as indicated by Rothery. 
The tube shown by Fig. 9 (b), is connected to a bed-sand conduit at the heel 


of the intake dam. This ‘conduit i is carried a across to o the heel of the dani i in 


n This a arrangement would draw in from the top the entire bed load of sand, 
most of the suspended load, with a minimum of 
test,” ‘reported by H. G. Acres, M. Am. Soe. c. E., , indicated that water may 
ie be drawn into this type of tube in shallow rivers s with practically no =p 
bance. The velocity through the slot, however, would be more than sufficient to 
_ draw in the trav aveling load of sand and most of the . suspended ‘silt. | An 1 addi- 
tional advantage of of this type « of intake tube is that it eliminates all rd 
7 of river- bed erosion such as might occur under certain conditions at the 
of a tube wth a rectangular opening. ia. 
desilting basins are used the writers believe it more advantageous to. 
locate the bed-sand conduit at the heel of the intake dam (such as shown by 


by Fig. 8 (a) of the author’s paper. In the arrangement shown by Fig. 9 (db), 
the intake dam and conduit are independent structures. There can be no 
or pressure under the crest and apron slab from the head- water and d the 


flow in the bed-sand conduit “does not come in contact with the buttresses: 


and piers of the intake ‘Structure a as it does in Mr. Rothery’s ‘designs. s. It 


seems to the writers that there is considerable advantage i in keeping separate 


structurally, a as far as s possible, those p parts of the intake that perform different. 


‘The writers agree with Mr. Rothery’s indie that the traveling suspended 
ae - load cannot be greatly reduced | with desilting basins. It i is believed that the 
. Sein use of draft- distributor intakes (as described in the foregoing) would make 


unnecessary the “use ¢ of these expensive basins. Further research along this 
Tine would be highly worth while and might result in large savings in cost. 
If desilting basins are , used, however, there are several possible” “modifications 

of the author’s designs which might result in both improved operation 


As Rother;" has pointed out the slightest Movement in of 
water that has been n stilled f for the purpose of stilling out t the silt, will put 
this silt back i in suspension. be The gates discharging the water from: the desilt- 
‘ os ing basin to the flume (Fig. 8 (a) might cause sufficient disturbance when in 
al operation to put aqme of the ‘sludge in. suspension again even if these 


a — > | conduit from which the sludge from the desilting basins is ‘discharged 


laterally into, the river. The flow of this | sludge into the silt conduit is 
= from each basin at the bottom of this’ The 


7 


| 


: ‘Fig. 9 (b)),. rather than to locate it at the toe of the intake dam as shown | 
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lbyts an ¥ 
flow of of clear water from the desilting basin to the canal is controlled by a 


small gate structure on top of the conduit. _ In front of these gates are _ 
horizontal partition slabs supported by y light vertical walls which are some- 7 
_ what similar to those used by Mr. ‘Rothery i in front of the intake tubes. — These 
horizontal slabs are intended to ‘prevent the higher velocity adjacent to the 
- gate from causing any disturbance i in the desilting basin — the sludge hes . 

flow through ‘the s i ntrolled by ‘outlet gates in 
partition wall of a dam of the type supported by a floor-slab. 
| is _ of the buttresses of this dam are continuous with the walls of the silt conduit, 
as sho shown by Fig. 9 (a) and Fig. 9 (f) . T his type of buttress dam has been — 
 thown for both the end of the | desilting et ‘and the sides of the canal flur 
Fast Iti is believed that the arrangement of the silt conduit shown by Fig. 9 will 
ber more enonomical than the | proposal to discharge the sludge - from the desilt- .* 
ing: basin through conduits under the flume, as shown n by the a author. he 


AVIS ‘AND DED DEDEL | oN ‘SOIL ‘TRANSPORTATION IN ‘COLORADO RIVER 
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expensive conduits are omitted, and only light paving is required for the 
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B. Drisko, JUN. AM. Soc. of 
rh 


OHN B. Drisko,* UN. AM. Soc. ©. E. (by letter). —This paper is 
another striking example of the versatility of hydraulic models. It is de 


of great value in showing the necessity of a proper choice ah scales if 

correct results are to be obtained. 
” The authors | introduce their Equation (1) as being equal to “the change 


of M Vo, per sec”, ‘ascribing the velocity the wave 


4 front, Vo = —, to the entize moving mass. This i is a bold sasumption. _ 
it had been assumed that the velocity decreased slightly from. the wave front 
back toward the undisturbed liquid (that is, in Fig. 6, from B toward Plane 


C), then the of the moving slug (= is vdM)- would have 
been less, yielding a higher value of Vo in Equation (5). . Ifa higher vi value 


= of Vo is correct, then the apparent agreement between the observed results 
aad the (low) values of Equation (5) may be due to the fact that the 
observed ‘ ‘initial velocity” was measured over a distanes long ‘enough to per- 


2a 


a. _ Furthermore, ‘if the a authors’ assumption regarding the velocity is is retained, 
he 


then the kinetic energy of the entire moving mass is, ibas an met 


Equating to the decrease potential energy (which is 
Pia w s d*z since the center of gravity of the salt-water slug, C O B C, has ail 
a heig toa “height greater er than, —) gives a result that i is quite 


<= Nore.—This paper by Morrough P. O’Brien and John Cherno, Assoc. Members, A® 

Soc. C. E., was published in December, 1932, Proceedings. Discussion on this paper has 
re in Proceedings, as follows: March, 1933, by W. E. Howland, Assoc. AD 
Soe. C. E.; and April, 1933, by Messrs. Herbert D. Vogel, and cE — 


11 Instr., Civ. Eng., Mass, Inst. Tech., Cambridge, Mass. er mine 
ne Received by the February 20, 1938. 
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“May, 1933 

observation or with previous calculation and, therefore, the dialed velocity — 


mr _ the average loci 
the entire moving slug must be less than Vo 


te It is interesting to note that Equation (5) is ‘merely the wena equation — 

_ for the velocity of a wave of translation, =v gh, with the term, — 


that be both salt water and fresh water : being accelerated. . The’ wave “height, 


h is, in this case, equal to ‘Whether or not the absolute - e value of Vo > 3 


-ealeulated by the authors is correct, the form ot expression seems rational, 


and hence the » validity of the model Jaw as derived is in no no way affected. 


‘excess s of the static pressure on the | gate. ‘The distribution of Gils 
"pressure is as shown in Fig. 15. It be interesting to investigate 


if "reverse condition in which the unbalanced force is in favor of the fresh | 
water, ¢ as shown in ‘Fig. 16. As before, the pressure distribution i: is triangular, 
ze but the base of pressure is vat the of the salt water 
re 

lf 

nt 

ne 

ive 

he replaced by a restrained float, in order to reduce to a minimum the quantity 
om @ fresh water that would immediately flow over the surface of the salt water. 
rs Pred The statement of the authors, in the last paragraph under “Theory” that 
a _—" a drop of the surface at any place would have to be made up by : a rise 
ip of the surface at some other place; _* * * and, therefore, no drop of the surface 
¥ could furnish the energy required to set water in motion”, is confusing. If. 


galt water drops and fresh water rises, , there is a net loss of potential energy 
which is available for conversion to kinetic energy. 
Ky 
The derivation of the ‘model law | is clear and logical. — Of particular 


§ significance is the statement following Equation (13) that its | physical mean- 
ing is that “the inertia, pressure, and friction forces in the prototype must 
E* be reduced in the same ratio in the model. ,. Inertia, pressure, , and friction 
are the major forces in this particular problem, and, for true similarity, they ‘ 
f must all be given due regard. ‘With some ty types of models it. is , difficult me 
impossible to represent two types of forces in the same model. In the case 


of ship models, for instance , the skin friction resistance and the wave or a: 
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‘DRISKO ON MOTION OF SALT WATER THROUGH FRESH 4 Discussions 


form resistance vary according to different laws. In testing ship models, the | 
total resistance is ‘measured, the frictional resistance is calculated empirically 
and | the ‘difference gives the form resistance of the model. if two types of 
forces cannot be properly represented in the ‘same model, two models: con- 
structed to different scales are sometimes used. : In each model, one particular 
_ phase of the problem is studied, with little or no regard to the other. bes 
eee In this p paper, the authors have shown how all the essential conditions for 


a proper simulation of the motion of salt water bac we nen may be repre- 


OF ue 


4 

4 


fu 


409 
2 + 


— = 
on A ] 
‘ 
Li 
= 
— 
— 
— 
#;«€3C CF 
— 
— 
an 
— 
— 
ani 
iy Cr 
— = 
tho 
|e 
— 
— 
ae 
me 
Ja 
— 


ar 


STRESS ANALYSIS" ‘SIMPLIFIED 

‘By! Messrs. A .. FLORIS, ROBINS FLEMING, J. D. GEDo, HV V. . SPURR, 

: A. Frorts,” Ese. (by letter). —In this interesting paper the 
: analyzes the wind stresses in the frames of tall buildings by the aid of the 
* Cross method of balancing fixed-end moments. _ Furthermore, he states that 
7 an exact analysis of f these frames requiring the solution of simultaneous equa- 
tions — as, for instance, “the slope deflection mn_method used by Wilson and 

7 Maney — is a rather tedious process. For this reason he proposes the applica- _ 


- & tion of a less accurate method of moment distribution to the analysis of 
‘multiple- -story frames subjected to wind pi pressure. tim 2 


a The present analysis, based as it is on the repeated diatzibiation of the en i 

q "moments, is is to some extent a trial- and-error method. | ‘Such indirect methods, Z 
however, req require considerable time, and their application to practical problems — 
; is rather discouraging. _ Their use can only be justified if direct and speedy 


oh the present case this is not necessary, direct method* ha has 


i been developed by Professor F. Takabeya which excels i in brevity and accuracy 
&§ 4 all other methods known to the writer. The n necessary elastic equations derived 


hee by the slope deflection method can be written almost automatically nd 

¥ S solved by the principle of ‘iteration. This method of solving simultan us 
5 _ equations permits the use of the slide-rule and is convenient and simple. — An 


oe The author’ s statement regarding the difficulties arising in the analysis Lot p= 
multiple-story 4 frames subjected to an additional translation of the joints, is 


Ce quite correct. ‘pati frames are analyzed quite easily by the use of the bea a 


meeting of the Structural Division, New York, N. Y., January 19, 1933, and published in 

January, 1933, Proceedings. Discussion on this paper has appe peared in Proceedings, as 

follows : April, 1983, by Messrs, Francis P. Witmer, Elmer _A. Richards, 

_Jobn B. Letherbury, Frederick Martin Weiss, and Raymond C. Reese. 


r 
: ‘Nore, —The paper by L. E. Grinter, Assoc. M. Am. Soc. C. E., was presented at the 


#500 


Received by the Secretary March 11,1933. 


“Methode der Gleichungstabellen zur Berechnung der Rechteckrahman,’ Fukehei 
t | Tak abeya, Proceedings, World Eng. Congress, Tokyo, 1929, Vol. VII, Pt. 277; also, 
Rahmentafeln,” von Fukehei Takabeya, Berlin, 1930, and “Das Verfahren Gleichungs- 


zur Berechnung des durchlaufenden Rahmens mit verschieden hohen senkrech-— 
von F. Der Bauingenieur, 1933, pp. 92 and 126. aa 
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tions are not difficult. ‘Furthermore, the that the method of balance 


analysis any method arranged for 


rré practical use requires the application 
of simple arithmetical - “processes. -For this reason the writer believes that, as 
an important practical advantage of the metho method under consideration, 


fact is over- emphasized by the author. 


‘Fremine,* Esq. (by letter). Grinter a model 
arrangement of data and calculations, By. making a table of f story heights 
and K-values (Table 1) and w writing on the diagram « of the bent (Fig. 4) at 
each joint in La re rectangle drawn around that joint the percentage ‘factor fc for 
adjusting moments, confusion is avoided by the diagram x being cluttered 

_ To assume that the center girders of a symmetrical bent a are hinged at 


 mid- -point is an ingenious way of avoiding carry-over moments in these 


girders. 


 .Préfessor -Grinter’s purpose is to present a a simplified “method ‘of -wind 
analysis: It is not difficult of application, but the designer should under- 
; stand its limitations. Professor Grinter hare in the lower four stories of 


the classic ‘Wilson _Maney bent the ‘ ‘criterion to correspond 


__ Variations: of criterion ratios may be quite different in other cases. 8. 
Ketchum, M. Am. Soe. has offered™ a problem in ¥ which the 
moment of a three-aisle, six-story. building are determined by a method 
= by Clyde T. Morris, M. Am. Soe. C. E. Using the K- walues given 


-and ee the method of Professor Gree, the criterion ratios vary from 

than in story above, Professor Grinter | a variation of 15 

bie + Bor more Gum twenty years the writer has sponsored, although he did not | 
ae originate, the two conventional methods of obtaining wind stresses known 8: | 
cantilever and the portal methods. At same time, he has always 
insisted” that super- tall. buildings and those of irregular’ framing should 
ienaeigte special | study. Professor Grinter and other writers call attention to 
_ “errors” of 30% and even 100%, in the stresses obtained by. the conventional 
methods, What they mean to say is that they differ by these percentages 
_ from those obtained by the slope-deflection method. The correctness of the 
slope-deflection method i is” vigorously disputed” AL Van den Broek, 
Assoc. ye. M. Am. Soe. Cc. E. David A. “Molitor, M. Am. Soc. who i is 
often quoted, does “not regard the basic of the method 


aT 
as “Steel Mill Buildings’, by M. 8. Ketcham, Fifth Edition, 1982, ‘Chapter on “Stresses 


‘Stiff Frames by Moment Distribution” tai wre 
Energy Theory”, Wiley. & Sons, Inc, 1931. 7“ 


fixed-end moments only involves - simple arithmetic is not quite true. In the: 


Care, American Bridge Co., New York, 
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ay, 19 1983. 


“exact.” N otwithstanding an occasional assault the consensus of | engineer- 


ig tin opinion i is that it is the most nearly correct of all methods thus far pre- 
e sented. It is not workable, however, for design purposes. The Cross methods, — 
| ional’ tedious, dre feasible and are valuable for analysis of stresses obtained 

by o other methods. For the the ‘purpose of analysis, Professor G1 Grinter’s 8 paper lad 
Ese. (by letter). **_Under the heading, “The Open- -Web or 

el Vierendeel Truss,” the author states that fixed- end moments. in this type of 


ts “truss. occur, only in the horizontal members | or - chords, ‘ ‘provided the effect | 
of direct stress deformation is tol be neglected, as is 


a To. neglect the: effect of direct, stresses is permissible only if they are small 


“the ci case 2 of arches; nor is it omens to do so in phan case of 


ke ‘The writer solved the example in Fig. 15 by the theorem of least. oe 


. 


both by neglecting and and considering the effect. of direct stresses (in the 


4' 0" = 40' 0” —— 


chords). In ‘Table | 8, gives of this the 
‘and R, ‘signify “above,” “below,” “left,” and might,” ‘respectively ; for 


fstance, Mss is the moment immediately below ‘Joint 


at 


TABLE 8.—Comparison oF oF Moments 1 TRussES 
a Kip = = =1 000 Pounds) hoe 


s sy 


M,sat ||. Feer; Dmecr | y Feer; at. |. Feet; Direct 
point: | Stress rv Cuorps: | Srress Cuorps: point: STRESS IN Cuorps: 
Bee Fig. |— (See Fig —| (See Fig. — 
Neg- | Con- Com. i 15) | Neg- . Con-_ 


view dt © 85.10 5, =6,....|' 21.75 | 20.18 
97 =10 


11.26. 
‘| 


2.73 


as 20.25 | 21.82 | 7 
Proceedings, Am. Soc, C. E., January, 1929, Papers and Discussions, p. 189. 


Structural Designer, Care, Alexander D. Crosett, New York, 
Received by the March 27, 1933. 
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SPURR ON WIND STRESS ANALYSIS: SIMPLIFIED Discussions 


ot is to be noted, in comparing moments: in which direct stresses are 
considered and neglected, that errors as great as 387 Yo (see Mu) can occur. sat 

R Am. Soc. C. (by letter). —The writer 


is the analysis of stresses in a continuous wy rome in which joint eat 
_ occur, * * * The calculation of wind moments in tall building frames is 


“He further “agrees “Use of the Simplified Method ‘of Wind ‘Stree 
Analysis”) that “the experienced a real advantage over he 
method. Furthermore, Professor Grinter is very” wise he states ed 
“the design of any indeterminate structure should be simplified by a previous 
knowledge « of correct pi proportions.” - The writer considers it t unfortunate that 
the author did not base his entire ‘paper on these essential facts, since it can 
te said with equal: truth that. the anaylsis of an existing ‘structure will be 
simplified by a previous knowledge of correct. proportions. 


= It can rightly be said that the Cross method has its | greatest value as a 

‘Means 0 of acquiring a visualization of the action of continuous frames, which 

ill assist in developing ‘and perfecting this so- -called ‘ ‘previous knowledge” 


of the engineer, which is 80 essential to successful design or analysis. Once 


pac a this knowledge is so potent as to render the use of 1 the method in 
detail often both tedious and superfluous. ‘For this reason, writer must 
= serious exception to the statement under the heading, “ ‘Methods i in Com- 
-mon n Use,” that ‘ “to date, the most usable method of wind stress analysis, 


Tt can safely be said that practical design methods are in we in ‘more 
‘than one office, t that will produce results, the general SPER. OF, which can 
‘not be seriously questioned from. ‘the standpoint of analysis. These methods 

are based on sound mechanics and are used with a visualization of the elastic 
behavior of continuous frames. ‘Their merit lies the freedom from 
arbitrary ‘and incorrect a assumptions: ‘commonly used in connection with mathe- 


methods as such. Much confusion and error in the 


‘ai would 


(a) Allocate a wind load to ech | bent ees will be tied i in later with be 


= Cf. | 64,08 
@) Qaleulate the horizontal w rs he various bents in 
han 


‘We Received by the April 3, ‘1933. 
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1933 SPURR ON WIND ‘SIMPLIFIED 


1 Distribute the horizontal al shears into the various panels on the basis 
of beam distortion « assuming points: s of inflection at the mid-s ‘span 
pointe of dhe: ‘Suck shears will cause end moments in the beams, 


which, 3 in turn, will produce ¢ extreme fiber stresses in bending iueeeadly: . 


. 


(e) The | participation of the various w in the ‘may 
be obtained on the basis of these moments and shears. Their relative values 
_may be obtained, and their relation to beam participation in web distortion 
as well. ‘If the columns participate equally, or if if the column participation i is 
small relative to the beam participation, one may assed buses next step 


4 


( f) Determine th the e relative rigidity of the beams heii atin to floor based tg 

on the assumed moments. the floors. have ve approximately the same relative 
rigidity under their respective moments from wind assumed, then the analysis — 

so far is approximately correct, except for the influence of connections, which = 
is a detail not mentioned by the author. | A study of the values of relative ee 3 
Tigidities b between beams and columns a and between floors: will reveal how the fn 
results are ‘to ‘be modified in specific cases. - Frequently, no no ‘modification is 
Before any ‘such molification i is made, however, it is of vital 1 importance 


“the entire’ analysis. It ‘it is found from the analysis at this stage that oo 
assumed shear distribution will induce v vertical stresses in the > columns, which, 7 


in turn, would | cause a vertical ‘movement of the joints in such a manner as 
tot throw ‘the Various floors more, or Jess out of line, to 


i How this is to be accomplished the author. has not seen fit to establish. 

In i many cases, it will be a weary and tedious. task if based on conventional - 
methods: of correcting and recorrecting for joint displacement in a high 
irregular frame. For this reason, the writer has paralleled the . procedure 

- outlined by the author with one of his own, up to the point of considering : 
column axial deformation. It is hoped that the points of attack outlin 
Ih his discussion” ° of the Second Progress Report of Sub-Committee Ne, ay 
- 81, Committee on Steel, of the Structural Division, on Wind Bracing, | the 
Daliews pointed | out the significance of « correct proportions in the design 

- and analysis of multi- -story frames, and has indicated a _ simplified use of the | 
lien method of analysis. under certain circumstances. What needs to 


is that ‘the six steps in the analysis outlined in the present 
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cussion will disclose the type o' of s ‘structure. with which one has to deal. The go 

degree of. its irregularity -will be revealed - immediately. is 
If the structure regular and well-proportioned the obtained in 

| 4 z= the first analysis will be substantially correct, and will be reached i in a ‘frac. ‘2 
tion of. the time required by either the | general ‘method of successive -correc- 
Hons, or by the author’s simplified method. Furthermore, | it is important to 
_ know as quickly as possible i in what manner and do what degree the. structure Es de 
is irregular or unusual. In fact, it is s absolutely essential for the engineer 
a ; ‘to sense these facts, in order to use the simplified method at all, since it is au 
&g "based on: (1) The calculation of the true deflections | under the applied | loads; ; i, 
7 (2) producing - these deflections by bending i in the columns only, with joints: 
‘fixed against rotation ; and balancing the moments in succession at; all 
It is. that Steps (2). and. (3). simple of execution, but 


it is these two steps only which involve the Cross method at all. The 
difficulty comes in Step 

of. the problem. It “under Step a) the solution obtained may, 

& through | lack of insight, be somewhat inaccurate, in which case Steps (2) and 


will ‘reveal the direction t toward which the the analysis must move to improve 
the accuracy. The time consumed in the analysis, however, will ‘depend 


largely upon the efficiency shown in Step (1), which is all-important. 


~ For this reason the writer believes that progress in the analysis of ‘irreg- 
ular frames is frequently “most ‘rapid through a careful study of 
or drift produced in the web system by the applied loads, through an. intelli- | 
gent spotting of the positions of the points of contraflexure, and then check- 
ing the ‘solution for the condition of minimum deflection in the. structure « as 
a whole. This is a common-sense use of the method of least work bearin ng 
in mind that the structure will perform under the applied |] loads i in the most 
‘rigid manner “possible. . Frequently, a given ¢ structure may have a m marked 
irregularity, but in one e respect only, ‘and a reasonable solution is quickly 
obtained by inspection, or by bracketing the true solution by two ‘analyses 
somewhat i in the same that artillery fire is directed. wold 
The ‘author has made a valuable contribution to the art of analysis, ‘but 
has ‘under- emphasized the ‘degree art ‘involved. the analysis” or design 
‘of continuous structures ‘irregular character. This common | error in 
~ emphasis is characteristic of ‘nearly all technical papers and discussions on 
the ‘subject; and it springs from a natural desire of authors and engineers: 
to substitute a a definite mathematical procedure for a trained. reflection and 
visualization of the conditions affecting the correct solution. f 
ane It should be realized that the actual geometry, of deflection is influenced 
the clear ‘spans of. the members, by the’ character of the ‘connections, 
- whether angles, ‘split beams, or knee- -braces, and, in high towers, that it is 
a largely controlled by the elastic action of the | columns under axial stresses. 


ae: Neither r the Cross m method nor the : slope pe deflection method : are, in themselves 


only, suitable instrumentalities for many problems encountered. in a practice. 
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M. “Am. Soc. (by letter).™* 
is of "amgbasticnnble value for the analysis of framed structures pen parti 
larly for tall buildings acted upon by lateral forces. 
cc In connection with the application of the simplified method for irregular 
structures, it is of importance - to estimate deflections and, for this reason, 
. he following approximate formulas will be introduced: (1) Formula for deter- -— 
mining location of point of. counterflexure in ‘columns ; formula for 


location of ew of counterflexure in girders; and (IIT) formula 


(I) Formula for Determining int Counterfesure in 


B= = — A. Bguation fay ‘wil to Column 


e — 
— 
— 
3 


Fig. 16, and = ——*—.. Similar follow. for 


n, restrained by a single ‘girded ‘at each floor — 


any other interior -eolunin. 


Lan the 


+ Kp + Ke + Ko +...) 
2 (Ka + Ky + Ke + Ke 


(8) will give closer results the preceding Fig. 7 

aes the author’ 5 paper, . It is: to be noted that a=0 in the basement story if the E 
columns are fixed at the bottom. Applying: Equation (8) to the American 
Insurance ‘Union Building the results given in Table are > obtained (in 


TABLE By Equation (8) 


OTAL Corman Moment | TOTAL MomEenT 


1 


2300 


Formula Determining Location of Point Counterflezure in 
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Formula for Determining Ratio ¢ of Cinder Shears.— 
ays in a bent; ‘then: 
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order to sign of 2, it is necessary to consider oneself. 
- located at Column C, Fig. 16; then the plus sign applies - when the column = 
J and the point of counterflexure § in the adjoining girders are on opposite sides 

the center line of the same g girders. The minus sign applies when they 
on the same side of the center line. For the sake of ‘illustration apply this 


a tule to the ratio of girder shears in Fig. 16, then: — $ "ee; “laa 
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for New York it may be of to 
thn some considerations which led to the choice of that method. | — While © 
the horizontal distance from the unloading dock to the mixers was pay 1000 | 

ie the ground level at the mixers was 100 ft higher than at the unloading 


dock, and the. top of the storage bins 60 ft above the ground, making the 


veyor for the additional 60 vertical ft. It _ was found panty to lay out a 
ke trucking road about 1300 ft long, with an n average gradient of about 3 per 
igs, cont. To ) supply the required material it was estimated that 30 loads 1 per hr 
would have t to be hauled. required a two- road, and the 60 crossings 
CE sx hr over the New York Central Railroad tracks made : it appear that it 
a would be necessary to _ construct | a bridge at this point. . Owing to the con- 

— tours, a considerable part of this trucking road, in addition to the bridge, 

would have to be built on a trestle. Consideration was given to 

ing» 1g would be done during thew inter to 


these considerations the choice which was ‘made. le. The wider 


gravel belt was placed over the cement belt, giving the cement 
sufficient protection during rare, rain storms. 


i 


Nore. —The paper by hertsataets ctl B. Case, M . Am. Soe. C. E., was published in Janu- 
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- is by means of a belt from the mixers to the base of the tower from which 


concrete was distributed through chutes in the usual manner. is that 


the writer thinks the | plant would have been more efficient had belt con- 


“care was taken to obtain uniformity of n mix and a consistency suitable | for 


design a plant with Ddélt co: conveyors somewhat in n the | same manner 


as the chutes. _ It is believed that, on account of the low cost of operation, ~~ 

such conveyors would d have more than paid for the “initial cost’ through | the 

savings in the height o of the tower and i in the elimination of lost. time neces-_ 
tbe: 
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Weather Bureau must not be expected to give out information relating to 
A rainfall or temperature records modified by correction factors. — There is no 
possibility of | ascertaining a generally applicable ‘correction factor for any 
 yain- gauge. ‘The best j in this particular that can be hoped for is a long- time 

relation between the catch at two stations, with the chances that this relation 
will fairly represent that of actual long-time rainfall at these two stations, but 
‘not a precise relation « during any particular rain storm. It must be remem- 
bered i in this connection that measurements of rain are at best only approxi- 
— and that no two gauges, no matter | how near each other, should b be 
expec ted to catch exactly the same quantity of rain, 
The Committee stresses the fact that experience s! shows that the catch of 
decreases with the altitude of the gauge above the ground. However, 
Jf a is no fact offered by the Committee which would show convincingly that 
= record at ground | height represents the actual rainfall more closely than a 


gauge at some altitude. Personal observation ‘compels: the | writer to believe 


that ; spray and drip dri driven by the wind may add ‘materially to the catch of 
rain -gauges near the ‘ground, more, of course, than to gau gauges sat considerable & 
above the ground. He is not convinced that, in the various tests 
which I have been made, of which | some are cited by the Committee, the catch b 
the gaug gauge near the ground is the correct standard of comparison. 
Le The writer has twice | been connected with the preparation of isohyetose ‘3 F 
maps of California. For | the first map rainfall records at at about 220 stations _ 
available. For the | second map the station records numbered more than 
Biel For -_ first map the records were reduced to represent the average 
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| which was detected because of non-conformity was a record which was dis- 
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annual ‘rainfall for the 14-year usted, 1870 to 1884. For the second map all 


records were expanded to the 80-year period, 1849 to 1929. 
on It is remarkable to note that there was scarcely an instance in the prepara- 7 


tion of these maps in which the individual record | did not fit in with those eg 
neighboring stations. Taken in their entirety the: records, whether the 
gauges were near the ground or on the tops of buildings, deserve the confi- 


dence of the engineer. The ‘most glaring discrepancy, curiously enough, : 


sovered by a prominent engineer and reported by him to the Weather Bureau. 
a... hen this record would not fit in with its neighbors, a long search disclosed — ae 
4 that it was 3 in fact a record taken several | hundred miles from. the > place to 
which it, in some authoritative publications, still ‘stands s accredited. tte 
_. The Committee’s favorable reference (see Part Vt) to the record of rain-_ 
fall by Mr. Pettee, San Francisco, Calif., is unfortunate, 
because little dependence is to be placed on this record when compared with 
the generally accepted record kept by Mr. ‘Thomas Tennent, followed by the oe 
_ records of the U. S. Signal Service and the Uv. _ S. Weather r Bureau. _ Knowing A 


this fact, ‘the writer, in August, 1911, obtained the following statement 


eh “The record was kept wherever I lived; for about twelve years at Fran- 
cisco and Leavenworth Streets, part of the time in the Mission, part of the 
“in in Hayes Valley, then on Taylor Street between Lombard and Chestnut, 


and more recently on Clay Street near Baker Street and at present on Cherry 


f these sev eral places, Nos. 1 and 4 are near each | other but are about 3 

ij 
= miles from Nos. 2 and 6, and about 2 miles from Nos. 3 and 5. The record. 
is by no means continuous, ‘and the difference i in mean annual rainfall at its 
extreme locations may easily be as much 
approved, down-town, San Francisco rainfall on the other 
7 hand, is made up of the record by Mr. Tennent from 1849 to 1871, followed — 


records of the Signal Service and the U.S. Weather Bureau, continu- 


Mr. was a or at. any ‘rate a repairer, of nautical sate 
ments. He was an experienced and a high-elass observer. His record is as 
consistent and dependable as those which extend it to date. it ‘may be 
interest to note that this original record was presented to the writer in 1899 
S by Mr. Tennent « and, after being copied, was turned over by him to Mr. Alex- — 
McAdie, 'then in charge of the U. S. Weather Bureau Station at San 
Franeiseo, for permanent preservation. Ati is understood that it was with 


Fal 


other records in the great fire of 1906. 979% avi ton nites > 


> 


a 


ote It is to be hoped that the progress report now offered for discussion will 
bring to the ‘surface other betterment propositions besides those suggested 


which. he beloved ‘should te adopted at once. 


‘Whoever has recourse to ‘rainfall records: for estimating ae or run- -off 
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: Discussions 


expressed in percentage of the normal annual rain. Every 1 

- Bureau station should i issue weekly such a diagram showing the sasmndin rain- 
1 fall to date. The diagram issued at the end of the rain- -year would be the one 7 
to be e preserved. — The issuance of such diagrams would involve only a trifle of 
4 labor in addition to that which now produces + the daily weather sheets, which - 

_ are of recognized value and which are distributed so generously, = 

Each such basic mass curve sheet would indicate in words or otherwise, | 

the r region to which it is applicable. It would give, in t abular form, the nor- 
mal annual rainfall : for certain places within this region. ie would show, by 4 
permanent base curve, the ‘mass curve of normal rainfall expressed in per- 
centage ‘of the seasonal normal and applicable to the indicated region. _ Any 
point on this curve would show how much of the seasonal rain is expected in 


| @ year of normal rainfall, from the beginning of the rainy season to date at 


page On this base Sheet there would be shown from day to day as the season 


progresses (again expressed. in "percentage of normal rather than in inches), 
the daily precipitation | at the station of issue in a heavy black vertical line. 
‘Thus, for example, if the annual normal is 22 in. at San ‘Francisco, and the A 
"mass curve for ‘any year shows that on March 3 at this station (67% of 
_ the annual normal has already : fallen, and | if the record for the following day 
is 3 in, or 13. 1% of the annual normal, then the heavy black vertical line 7 


on ‘March 4 would extend from 67 to 80.7 per cent. The public would be 


served best by having such mass curve sheets covering the — the 


_-The final sheet for the rain-year should close of ‘course with June or 
September 30, or whatever date is adopted for the: e termination of the local | 
 — -year. This final sheet would be a far more convenient guide to the local a 
and to the Tegional rainfall any tabular data. It would have applica- 
tion, as the. case may be, to a ‘single station only, or to a considerable area. 
Ite ould readily be combined with other similar records to construct a depend- 


es regional Picture over a large area. — The information in percentage of 


the normal is always readily ‘converted into actual depth of water at all places | 


a 8: The writer | takes this occasion again to protest against the publication “% 


ae precipitation by calendar years. In all regions that have successive wet and 
Po dry periods” the precipitation of any single wet season should not be split 

at the new y year and combined with partial records in other wet ‘periods. By © 
doing this, as is common practice the world. over, distorted conclusions are 


reached. The true range from minimum to ‘maximum, for 12 months, for 
example, cannot be given. Neither ean correct conclusions be reached as to 


the relation between precipitation and run-off. To illustrate: ‘The actual 
‘range of precipitation in 12 months in Central California i is from a minimum 
: of ab about: 30% of th the annual normal to more than 200% of normal, when 
several rain- years, from September 1 or October 1, to the next August 31 or 
_ September 30, are compared with each other. _ By calendar years, the range 


would : appear. materially less, because both the extreme dry year and the very 
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| 


= the following April 30. The 

Slope is concerned, may be any July: 1 to to 
October 1. ‘Iti is unfortunate that, to the present time, the rainfall 
\ 


ean from open-water surfaces. He is, therefore, in need 
of basic information relating to evaporation and to methods of determining — 
om a water su rface not yet in existence, on the basis of 
To be helpful in this matter the Weather Bureau has included in its” 
activ vities | observations of evaporation from pans in many sections of the — 


country . However, the records are of little value because the apparatus + sal 


is not of the proper type. This statement is made advisedly, based on long 


experience, and refers ‘to to floating pans as as to the Weather Bureau’ 


The standard | land pan is placed above ground, supported on timbers 
SO as to give air circulation under the pan. Maximum effect of the 
sun’s rays ‘upon the sides of the pan and maixmum air heating or ‘cooling by 
wind» movement are thus | ‘secured, to the disadvantage of the desired result. 1 
= The variable heat from day to day—on partly cloudy days, from hour ‘to oly 
. _ —which the sun puts into the sides of the pan, even above water, i is fed in 
water and accelerates evaporation. The record from pan thus 


does not present. a true picture of surface evaporation, baad does it give a 
_ record comparable with records in similar pans elsewhere, because sunshine 


The w writer has discussed this subject in , connection 1 with the paper by 


Carl Rohwer, Assoc. Am. Soc. C. E.” He would urge that the Weather 
Bureau issue instructions : relating to a standard floating pan which, besides 
being protected against wind-carried spray from the outside, should always 
have its water surface | below the surface of the surrounding ¥ water. F wet: a 


= 


=" 


wil correspond as nearly as may be with that of the ‘general water ain 

a 3 placed in the ‘shoal warm 1 water inshore, the mea measured evaporation on will: 

always exceed that for the broad open-water surface. 

, _ ‘The instructions in a this connection might be about as follows: A floating 
i. pan | for the observation of the rate of evaporation from 1 the body of water i in 
hich | it floats, should b be placed well offshore, s so as to be removed from a -"" 
ee accelerating: effect of warm shoal marginal water. - It should be at least 3 by 
ft square, or preferably 4 ft circular. It should be surrounded by a flat’ 


raft of sufficient lateral extent to prevent ordinary strong winds from ‘splash- = 
ng water into the pan. The pan should have a peg with a pointed top in its 
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center to the water the pan is full. The depth of water 
jn the pan should be at least 12 i in. The sides of the pan should rise 4 to 5in. 
mae the top of its water surface when full. The pan 1 should be so deeply _ 
immersed in the surrounding water that at all times ‘its water surface 


possibility of ripples splashing up on the inside ¢ ‘of the pan ‘above. the a 
of the outside water, then the sides of the pan should carry a V-shaped rider 
to keep these sides in the shade The record should show how much water is. 


"evaporation. Pow: this. purpose the observer should use a. standardized cup 
both to refill to the top of the peg and to bail out rain water. He should 
be instructed that extreme precision in bringing the water to the top of the 
is. _sequired only when observations taken a 


ors at other times ‘will, correct themselves, when the is a 
ong-time record, as for a month or a year, 


wT § is hoped that these or like suggestions for the betterment of the Weather 
Service will be approved and submitted by the Oommittee, and that full | 


will be accorded the Weather Bureau for the very valuable service | it has Ey 


__ The rainfall records ‘should be kept exactly « as at Present, but, of coum, 


caution pie At certain centers, may ay 
desirable, too, to supplement the station record by measured weekly aggregates: 
at a number of especially near- -by points. 
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EVAPORATION WATER: SURFACES. 


By MEssrRS. RALPH R. RANDELL, GRUNSKY, A 


aa humidity are e the factors the variations of effects 0 
servoir sufficiently large to be important in most. water 


although not the 
- question of ibe. and to poo extent, ‘the annual evaporation data given in 
Table 8, of Mr. Follansbee’s paper, “meet this test. ‘The tabulated annual 

4 ye were, adjusted to fixed values of one or another of the eu 


factors on the basis of rational, and widely. held 


‘This failure of the adjusted figures. to plot consistently’ raises doubt 
in the writer’s ‘mind as to the approximate correctness of the data ; given in 


‘Table 8, and of the pan coefficients on which they are partly based. 


Possibly, in the light of their intimate familiarity with the work, ‘the 
- satan, or the ‘members of the Committee or Sub- Committee, may be able 
to devise an adjustment which will give results that plot consistently. It i 7 


earnestly hoped that they will attempt to do so, and will report thereon fly. 
seems desirable for two "purposes: First, to ‘indicate what degree of 


_—-atettiigey and ‘reliability the data possess; and, seeond, to put the data in ‘such - 
a a fofm that they ean be applied and used most intelligently and conveniently. os | 


Nore.—This 8 mponigm on Evaporation from Water Surfaces was published in Febru-— 


his discussion is printed in Proceedings in order that the views e 
expressed may he brought before all members for further discussion. 


oameric: GINEERS 
wil 
= 
| — 
properly adjusted to a given value of one of these three factors, the adjusted 4 
i j inst the other two factors as 
data should plot approximately congistent) — 
— 
fi 
— 
— 
. 


is suggested that, first, all the yearly evaporation rates adjusted 
to a common basis—as, for example, to a basis of (60% humidity, or a wind 
velocity of 4 miles. per that the ‘method of. making the adjustment 
= “be stated. The adjusted usted evaporation r rates should then be plotted against the q 
two other principal evaporation= influencing’ factors as ordinates ; the’ value a 
: * each adjusted rate, in inches per annum, being shown at the plotted point 
on the graph in small figures, “ Finally, generalized curves representing yearly | 
“evaporation. rates of 10 in.; 20 in.; 30 in.,  ete., should be added. 
_ Such a graph will show what degree: of consistency the data possess, and, 
P together with the adjustment f formula on, on. which they a are based, will give the 


best obtainable approximation of the annual rate of reservoir evaporation cor- 


o + 


~4 Even if the given data plot somewhat erratically, the graph, nevertheless, may 
be of value in ‘suggesting _changes—either. in the » coefficients, the methods | of 
will bring. the data into better or more 


= responding to any given average values of wind, temperature, and humidity. 


Preswent, Am. Soc. (by letter). —It is 
with: some reluctance that the writer undertakes Re his» views on 

the determination of evaporation from large water surfaces to those expressed 

the Sub- Committee on of the Special Committee on Irriga- 

He feels, nevertheless, that the profession 

has: gone so far astray in its ihethiods’ of evaporation observation in the past 

«that! ‘the data on which the Sub- ‘Committee’s s conclusions are based, should 
be allowed to pass v ‘unchallenged, in order that what is: 


information may be segregated from that which is “not 


mittee and will give his reasons briefly. “ 


The Sub- ‘Committee states that “Sf only one tran) is the Class A 
pan is preferred.” ‘The writer "contends that this i ‘is a type of ‘pan that 


a such as to give maximum influence upon evaporation of sunshine and air 
movement. Even if a more ‘or less consistent relation can be found between 


| Pe: the record from such a pan and that from a near- -by large. water surface, it on 
ee: “must | be ‘remembered that the heat due to ‘sunshine i is fed into ‘the. water from 
: all parts of the. pan that the sun reaches and that, consequently, the evapora- 
tion from an open- -water surface, wherever. there is much Sunshine, must, P 


much less. than the evaporation from the pan. a This fact, is apparent from — 


data. cited, which indicate that generally. such. a pan will nearly, 


By, exposure to. air on prs and beneath it, ‘maximum effect, is given ‘to 


air. temperature, changes. There i is more warming. and more by. con-_ 
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ON EVAPORATION: FROM WATER ‘SURFACES 


The correct type of ‘standard land pan should’ preferably be cireulit, about a 

= 4 ft in diameter, with water about 12 to 15 in. deep, sunk into the ground to 
above the water level and provided with an inverted V- shaped | rider to shade — 


the sides of the | pan down to the ground on the outside and down to the water 
on the inside. The results of observations from > a pan ‘of this type will - 
certainly establish | relative rates of evaporation in different parts of the 


-eountry much better than the Class pan with its ‘disturbing, ‘constantly 


The Sub- Committee recommends the use of ‘the 8. Geological Survey 
‘floating pan, but fails to state that no y floating-p -pan record should be regarded 


3 as dependable and comparable with other records unless the water in the pan 


‘is at all times at a lower level than the water outside the pan. When this is 


‘not the « case; heat is fed into the water of the ] pan by the sides, which capture 
heat from sunshine and air, and, in consequence, the pan record must exceed — 


| the actual evaporation from the water in which it floats, instead of closely 4 


_ approximating it. The Sub-Committee at least should add to its floating- “pan a 


recommendation the condition that the water within the pan at all times A 
PLES 


must be lower than the outside water. Undoubtedly, « even the late Desmond fa 

F itzgerald, ‘Past- President and ‘Hon. MM. Am. Soe. C. E., failed to ‘recognize 
importance of this requirement, with the result that, ‘at times, he found 
LP a difference of as much as a 10° F between the temperature 8 the water aa 


his tanks and that of the surrounding water. 


The experimental observations at. the: Salton Sea, part of which are 
4 ‘ pepotted by Mr. Rohwer in Table 3 ©, are to be used with extreme caution. _ 
4 The set of pans, for example, that were termed floating pans in the original 

record, were not of the correct type. They were purposely so suspended. 
the water that the water within the pans was 3 to 4 in. higher: than the 

surrounding: water. fact was discovered by the writer some ‘years after 
the experiments had 1 been made, when he found that observation results would © 


: not agree with his own ideas as to evaporation rates in that locality. The 


only | ‘effect of the 1e surrounding water | at Salton Sea was to influence ‘in some > 
the water temperature in the pans. Unfortunately, these ‘misleading 


records are being constantly quoted. because the true circumstances are not 

7 be 1 It may be assumed that nearly every floating pan of which there is epan 


in, and no regard has been had to the fact that. when the inside water is above 
as the ‘ ‘surrounding water, all the heat fed into the sides of the pan. above the 
Water-line goes. into, evaporation, which, » instead of conforming to that 


; so far above the surrounding water that water from the outside will not wed 


‘The cealls attention in this connection to the Mr. 


pans 
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LEE ON EVAPORATION WATER SURFACES _ 


‘Land Pans and. Floating F Pans”), M r. Rohwer decribes the floating pan as 
having the water on 1 the inside 3 ager Fae that pares outside. The floating 
pan at Independence, likewise, ‘isd described as having had water at about 2 in. 
ai below its rim. _ The top of ‘the pan was certainly higher than this above the 
outside water. Here, again, the record has but little value as a floating-pan 


' record. _ Referring to the 1 records from floating pans taken for the Canadian 


Pacific Railroad Company, Mr. Rohwer states. that. the water in n the floating 
pans: ‘was kept slightly above the level of submergence. Even at the Fall 
- River ‘Mills, i in California (see Table 2(g g)), the writer some years ago found 
the water in the floating pan slightly above the outside water. 


anos 


from: the surrounding water. 

California, a ‘determination of ‘evaporation ‘in connection 


studies for a salt-water barrier. writer called attention to the fact 


_ that these. were, insufficiently immersed and that heat from the ‘sides was being 


gestion, a comparison with a properly arranged. floating pan was made. 7 
a 


Although this covered only, the two cool months of October 


‘The writer makes t the plea that the Sub- -Committee revise its report ; that: a 
a” Type A pan be condemned ; that the U. S. Weather Bureau be urged to 
make a new start, in the matter of evaporation ¢ observations, with land pans 


: sunk i in the ground, with the sides shaded, « 


and with floating pans ‘that have 
- the inside water at all times below the outside water. Ti is only thus that 
"4 -Tesults may be hoped for, which will stand comparison and which will help 
to establish some usable relation between ‘meteorological conditions and the 
a total evaporation | from large open | water surfaces in such periods of time as 


i 


‘selection of the Uv. s. ‘Weather Bureau Class A 
aba is thoroughly justified by all the facts. The writer con-_ 

od curs: in this selection on the basis of his own experience with various types 

a ‘pans, especially during the five years, 1928 to 1932. p ‘The findings of 
dhe? Committee regarding the coefficient to be applied to the so-called U. Ss. 

‘Survey floating pan are at variance with the view held 


= “Physical Data and Statistics,” by William Ham. Hall, M. Am. Soc. “State 


fs” ad En Engr. of California, 1886, o Engineering News, Vol. 60, August 13, 1908, pp. 163- 
ie Bulletin No. 100, U. Dept’ of Agriculture, p. 323; Monthly Weather Review, 1908 
eA aa 1910; and, “Evaporation from Lakes and Reservoirs,” by C. E. Grunsky, Past-Presi- 
dent, Am. Soc. C. E., Monthly Weather. Review, Vol. 60, January, 1932. oe nt 


Cons. Hydr. Engr., San Francisco, Calif. 
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experimental results, however, ‘would « to ‘support t the 
The writer desires to make slight corrections in the descriptions of evapora- 
tion pans ‘used by him at ‘Independence, Calif., as stated by the Committee. 

In Table 5(f) the land | pan, 8h. ft in diameter and 4 ft deep, is designated © 
‘as a Type 2 pan, This pan has the same depth and setting . as the Colorado 
land pan (Type 3), a nd, although circular, has practically the same area. 
ratio of evaporation from it to that from the U. Geological ‘Survey 
ie tae pan (Type 4), in ‘Owens ‘River, is is 0. 97 (Table 6), which corresponds — 
with the ratio between the Type 3 3 and ‘Type 4. pans found by the Com- 


mittee. It is believed that the pan used by the writer should be classed as 


‘The land pan, 3 ft square and 10 in. , deep, designated as Type 3 in 
Table 5 (f), does not conform to any of the five e types considered by the Com- 
_ mittee. -Althoug | of the same area as the Colorado land pan (Type 8), it 


se set in a shallow excavation with soil banked up. to about one-half the 
of the pan. It corresponded more nearly with ‘Ss. ‘Weather 


Bureau land pan (Type 1), than with the Colorado pan, but was smaller 


and had temperature control from both air and soil. It is believed that = 


a designation, Type 3 land pan, for ‘this pan is incorrect, and that no — 
should be made to classify it. 
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GEORGE. WASHINGTON BRIDGE 


By- MEssrs. S. Woop MCCLAVE, JR., WILBUR . WATSON, HAROLD 


M, LEwIs, AND HUNLEY ABBOTT sidat 


Woon ‘McCOtave, Tr. Am. Soo. C. E. (by letter) *_The subject of 
and | highway connections to the George Washington Bridge 


been admirably covered in this paper by Mr. Evans. When the. New York 
‘Ca approach is finished it will be as. nearly perfect as can be accomplished by § “a. 

engineers: who are with the main s arising from any 


q 
i ~The New J ersey approach, in 1 the Borough - Fort Lee, presented an 


extremely difficult situation from the municipal ‘standpoint. The original = 
= ip plan of the Port of New York Authority had been approved by the Mayor and * 


J Council to the easterly side of Lemoine Avenue and a circular plaza was sug- oft 

gested at Lemoine Avenue because, at that i time, no State Highway plans had © “bs 
been made for the traffic expected from the west. Highway 


suggested a proposed plan that was not satisfactory to the Borough. 

; The Governor of New J ersey was ¢ consulted, and the Chief Engineer of re a 

“Port Authority. appointed an Engineering Committee to represent all bodies d 
“interested in this approach. After two years of the most: difficult kind of a 

work this Committee decided on the present plan, which was immediately 

accepted by all the governing bodies represented by t their engineer. e 

This ‘approach, with its marginal roads, eliminates the possibility of. seeing 

any backyards from the main in highway. qt t also enhances i value the property 
‘ immediately facing the “approach. serves the purpose, with right- hand 
F turns — of taking care of all local trafic, while through traffic can proceed ae 


‘There are are no o grade crossings to interfere with the traffic, and, ‘consequently, 
there is no interference with fire protection. tion. This approach should serve as 


Nore.—This paper by J. C. Evans, was published in February, 1933, Proceed- 

ings. This discussion is printed in Proceedings in order that the views expressed | may be 
brought before all members for further discussion. 


; as. and Cons, Engr. (McClave & McClave), Cliffside Park, N. J. 
by the Secretary March 18, 1988. 
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ATSON ON: GEORGE WASHINGTON BRIDGE 


J. Warson, 
" tion of a bridge approach i is cee in r* paper by Mr. _ Evans, under the 


~ heading, “Approaches ¢ as Major Elements of the Bridge Project.” Tt i is inter- 
esting in this connection to note that the problem | of what constitutes a 
bridge approach actually led to litigation in connection with the Lorain- 
Carnegie Bridge, in ‘Cleveland, Ohio, built ‘under the. auspices of Cuyahoga 


Before work ¢ on 1 the design was begun, the City and County authorities 


came to a verbal ‘agreement | as to the limit to which the County would go in 


: land would. continue the work from ‘that point. = As i in n the case of the Port 
of New York Authority and the Highway Department of. the State of New 
* Jersey, ‘the: broad plan involved the widening and opening of streets several 
—_ from the bridge site, and, consequently, there ‘Was no aoe: limit as 
by its part of the verbal | for but 
bridge proper was built for about three- fourths of the estimated cost, ‘mostly 
because of decreased costs of labor and materials ; and, therefore, the County 
_ authorities proposed to undertake to ‘complete. the approaches a as least as far 
the available fi funds would permit. “oat dae: «th 


Legal advisers for the County, however, ruled that money y from the author- 


_ ized bond issue could not be used for this purpose inasmuch as the work con- 
4 templated could not properly be included as as the bridge approach, the ~oerd 
of the bond issue , being “for the bridge and the necessary approaches thereto.” 

It was Keeedipan to the Courts in a friendly suit, to determine the ‘mean-- 

ing of the word ‘ 1 “approach.’ wath, nll © 
han A ‘diligent search of existing | literature indicated that ietnetal no clear 
a and adequate d definition of the word o other than, for example, “the construction — 

leading to the end of a bridge.” Accordingly, the writer offered the following 
to the Court, after certain “necessary phraseology been 


ends of the bridge proper, and such adjustments of alignments and grades of — a 
said arteries in the immediate vicinity of such ends as is necessary to afford | 7 
the maximum convenience of access, and render available to the the 


approaches to. a bridge the traffic leading to the at 


entire capacity of the brid e proper. 


As a part of the e preliminary studies for the bridge, J. Meliraith, 


4 remarkably clear statement of the principles the e design 


each becomes of 
k~ rena rtance as an artery of travel and the use made of it is dependent on the 


_ convenience of the approaches. It is also vital that the streams of traffic - 2 


2 (Wilbur Watson & Associates), Cleveland, Ohio. 
by the Secretary March 23, 1933. 
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— ‘LEWIS 0} oN GEORGE WASHINGTON BRIDGE Discussions May 
flowing to and from a bridge do not cause harmful. 


located near the bridge terminal. The arrangements should be such as to the 
spread benefits to all rather than to create damage to some. © 


“The major consideration should be ‘to ‘develop a definite city planning 
ig approach which considers the effect of a proposed construction on the increase 
in usefulness and value of the affected sections, and provides necessary and 
_ desirable thoroughfares, routings, and betterments for traffic that will permit 
and encourage great improvements in freedom of traffic flow. Traffic studies 
indicate supplementary information to show when each of several probable 
4 _ bridges will become necessary, but the exact location of each bridge and the 

_ treatment of its approaches must be based on effective street planning that 
will serve as part of the ultimate plan for the city’s greatest possible growth. 
‘tad “The general scheme of bridge location and of development of the 
_ approaches to the bridge must therefore be set up boldly to fit an outstanding 


need and in the interest of the greatest civic good.” off 
A comparison of the wording of the report with the definition ‘given by 


oe Evans for the approaches to the George W ashington Bridge, shows a 


M. Lewis,‘ M. AM. Soo. C. (by letter). *“—In the description of vis 
the proposed regional highway stem of the Regional Plan of New York and 
a Its Environs, the e George WwW ashington Bridge is referred t to as t the “keystone” ’ ht 
ia of a metropolitan loop highway encircling the central areas 0 of the Region ‘a 
' A. about fourteen miles from New York City Hall. It is on the northerly sec- = 
of such a eventually would re-cross the Hudson River at its Sti 
mouth at The Narrows. Pt This loop has been laid out to connect all the main :* 
‘radial highways i in the outer areas, over sections of it vehicles may gain 
access to the most direct “route to their destination i in the central area. 
“to 
~ ‘Through: traffic from all directions will find it a convenient by-pass around ‘fn 


Bridge, another Port Authority structure. te, of dbus! 
stad _ The George Washington Bridge will be used more and more as a by- pass 
for traffic going through New York City on its way be between New England 
pha the Middle Atlantic States, o or r for traffic between The Bronx, Queens, 


west | or northwest, thereof, on a the other hand. Therefore, the ‘approaches to 
bridge are the utmost importance and must be connected with 


‘radiating trunk highways on both sides of the he 
The State of New J ersey_ has ‘provided such connections in an admirable 
_ way with its system of State highways radiating to the north | (Route 1); the ‘ ee 
northwest (Route 2); ; the west (Routes: 4 and 6) ; and the south (another 
section of Route 1). Within ten miles of the George ‘Washington Bridge, 4 


the New jersey State. ‘Highway Department is spending approximately 
$40 000 000. course, ‘the highways involved will supply future needs for 
~. much traffic that does not cross the bridge, but their construction up to the 


*Engr., Regional Plan Assoc., Inc., New York, N.Y. 
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present time (1933) has been promoted primarily because of ‘the presence | of 


‘the bridge. The State Highway Engineer has estimated that. ae one-half = 


is being done on the east, or ‘New York, side? No ‘pro- 
“vision has been made for connecting with trunk- line highways leading to. 
- the east or northeast. Of course, the problem was much more difficult « on the 


New ‘York City side of the bridge nee adjoining areas were built up and ~ _ 
= was many times as “expensive. The Port of New York Authority has 


undertaken to bring a double vehicular tunnel as far east as Amsterdam  ~- 


whe 


- Avenue in Manhattan, where New York City has projected a serpentine series 


connecting roadway} within the ‘boundaries of Highbridge Park. 


ae: is just as important to have main highway approaches, free from traffic 
interruption, connect with the routes to New England, The Bronx, and Long 
“Island, as it is to provide similar connections in New J ersey. : In spite of the 
difficulties from: interference with e existing developments, adequate future 
“connections, ‘if planned now, ‘should not be ii impossible. Looking ahead to the 
completion . of the full potential roadway capacity of the George Washington 
Bridge and the future addition of rail facilities on its lower deck, some 

vision must be made for extending such facilities to the east by n 


A bridge across the Harlem River designed to earry both rails and 
vehicular roadways provides a logical solution for this problem. The Regional a 


Plan included “such a proposed bridge between” West 178th and West 179th poe 
and a new bridge at this site has been considered the 


The original ‘ile the Plan prepared j in 1926. It called 
a for a two-level bridge across the Harlem River with a roadway on ‘the upper 


e deck and provision for future rail facilities on the lower , deck. In Manhat- _ 


tan it proposed a depressed roadway in open cut on the ‘north. side of West 
178th | Street, passing under all the avenues east of the George Washington _ 
Plaza. On The Bronx side the bridge. roadway connected with Uni-— 
_ versity “Avenue, the main roadway continuing partly in open cut and partly 
in tunnel to join East 170th Street at the foot of the bridge between the —  * 


Evans has’ stated that ‘such a plan for the Manhattan approache 
; between the George Washington Bridge and A Amsterdam | Avenue was con- 


- sidered by the Port Authority, but was abandoned due to the | amount of prop- 
ie erty required and to the objection by the City authorities to the destruction FE 
a so much property value. The approach plans that were adopted appear to 
designed f for : a ‘traffic ‘movement that will be altered ‘materially when a new 
Harlem River ‘Bridge i is constructed. efficiency of a temporary arrange-— 


Bike is not as important as that of the final plane 


The Regional Plan proposal for a a Bridge has been revised 
to adapt it to the plan for vehicular tunnels w der West 178th and wen 
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on which heavy lines indicate 1 new facilities in ‘addition to already 


et The a axis of the Proposed Harlem River Bridge would intersect t Amsterdam 


All traffic using these as a Pres The 
and the George ‘Washington Bridge would also u use the new Harlem: River 
Amsterdam _Avenue would become an important approach 


os An exit ramp from the eastbound tunnel is indicated on the north ads as 
178th. Street, which would permit using it to make a hand 


the tunnel at this point could safely from the two 


of moving vehicles because the small amount of crossing involves only one 
ane and a movement that i is carried out, without difficulty. or hazard at many 
points of a similar nature above ground. An entrance from Amsterdam Ave- 


2 ‘ nue to the westbound tunnel would be provided by two ramps near 179th 


Street, , one of these for trucks and the other for passenger vehicles avoiding, 
; 
in this, case, any erossing of traffic lanes and providing ‘full visibility for. 
drivers of vehicles on the ramps or in the main tunnel. Siemans Ppa the 


_ As Amsterdam Avenue is about 15 ft lower than Audubon Avenue i in this " 
On The Bronx side the highway 
‘connections with University Avenue oad’ be approximately level, while ‘the 
main Toadway would pass under University Avenue on a 4% grade. ‘The 


roadway « on the proposed Harlem River Bridge would be at an elevation of 
mn ft above mean high water. — With provision | for future railroad tracks 0: on 
a lower deck ‘and an arch structure similar to that on ‘Washington Bridge are 
the rebuilt section of High Bridge, there would be a clearance of about 110 


‘ie between a West 1 178th and West 1Bist Streets, as is indicated on ‘Fig. 18, 


will be no crossing of traffic lanes between these points. i south- 


Street, ‘West 17 oth, Street, Amsterdam Avenue, and Audubon “Avenue, but it 
would provide a site sufficient for a future railroad terminal to serve tracks | f 
"crossing both the George Washington and Harlem River Bridges and future r 


connections between the former and a north and south route in Amsterdam 3 


As the route across The Bronx i is planned as part of the. loop 


highway, previously n mentioned, it _ should have convenient connections with 
Amsterdam Avenue for vehicles to and from ‘points: to the east. ‘This 


oF 


by two ‘ramps in Highbridge Park, of which would use 


made wi t (to he on ed temporarily as 9 two-way 
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e OF that under construction at present (1933) as a connection for the sia 

in | in West | 178th Street. T The Washington Bridge at 181st Street would be left 

a for local communication between The’ Bronx and Northern Manhattan. As 

° this is the next highway b bridge north of Macombs Dam Bridge at 155th | 
Street , almost 14 miles. to the south, its be 


--Fequired for that "purpose. if 


Bridge. be The | plan in> ‘Fig. 18 is only a suggestion ‘as to how it might be 
ri, carried out. The writer believes that more detailed plans for a bridge at this 


_ site » and a new highway | across The Bronx, such as it involves, should now be 
_ advanced far enough so that the projected West 179 9th Street Tunnel wm its 
connections can be fitted into them. vig 


aul investment for such a major project as the proposed new Harlem ee 


| 


M. Am. Soc. C. EB (by Se. clear and interesting 
deseridtion of the approaches to the George Washington Bridge is presented 
this paper. 
problem of bridge approaches compared to of earlier days. when 


_ moving vehicles were the only ones to be considered. ‘From this = 
design of these approaches i is a fine, progressive piece of work. 


2 ‘The three chief principles laid down by Mr. Evans (no stopping ae traffic, : 
no crossing at grade, and no left turns) have been previously developed i in the = 


so-called “clover leaf” highway crossings, ‘and will continue to be “funda-— 
mental laws” both for such crossings and for bridge approaches. — 2 The decen- 


tralization of traffic lanes everywhere up to the bridge itself is also a most 


moving south on Riverside ‘Drive route to New Je ersey must 

travel about half a mile south of the bridge and then double back an af 

distance to get on the bridge. Presumably, this undesirable condition wen 

— necessary by the difficult topography at this point, , and because of exces- 

sive destruction of park property that. might have been required by a more 


direte. approach from: the north. is to be hoped, however, that some day 
“this one-mile detour may | be eliminated. tas 4. 
The bridge as a whole will stand out as a historic milestone in the develop- 
+. ‘ment of bridge engineering. Its approaches will also stand out as 
= = ‘important ‘milestone i in 1 the development of the science of rapid bridge trans-— 
For many years to come, engineers will use these as a 
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DEVELOPMENTS IN REINFORCED 


By Messrs. W. K. HATT, AND C. T. SCHW WARZE 


“Characteristics of Brick and Brick Masonry,” Mr. Hansen states that the 
Building Code Committee of the U. S. Department of Commerce has ‘Tecom- ; 


mended 600 Ib ] per sq in. as the allowable working stress in direct compression | 7 
on the best brick masonry. Committes gives a ‘more complete 


the Committee ‘stipulates that “the allowable compressive ‘stresses in way 


“masonry due to continued live’ and dead loads” shall not exceed the limits 
in Table An exception is made in the case of: ‘masonry “laid with 


~ smooth level horizontal joints and completely filled vertical joints. oie 


ECTIONAL AREAS, IN POUNDS PER SQUARE i 
3) 44 


average minimum compressive strength tested fat, 


ate 
100. 


ee if such joints are thoroughly inspected, and if “the effects of eccentric ee. 


concentrated loads and lateral forces” are fully considered, the ‘working 
Norre.—The paper by James H. Hansen, Jun, Am. Soe, C. E., was published in March, 
1933, Proceedings. This discussion is printed ‘In Proceedings ‘in order that the views ay 


‘expressed may be brought before all. members for further discussion. ond 


* Prof. of Civ. Eng., School of Civ. Eng., Purdue Univ., Lafayette, ieee etm. 
‘me Received by the Secretary March 25,1933. 


wart 
22 “Modifications in Recommended Minimum Requirements for Masonry Wall Construc- 
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ON REINFORCED BRICK MASONRY ‘Discussions 


t1V19 40 ¥ Ta | AKRDIAAMA 
tresses in Table 3 may be increased by 50 per cent. — "When masonry i is com-— 


a posed of brick of different grades t the allowable working stress: is s required to q 
= be that listed for the lowest grade of brick of which the masonry is composed. 


M. AM. Soc. 0. E (by lett letter).? future of usefulness: 


, for reinforced brick m masonry y will depend upon normal resumption of con- 
Until business and finance have Tegained normal 


is the possibility of future usefulness for reinforced brick masonry is evident. - 


a However, to make such : a future possible, a c a careful og he of the behavior of 


f 


fession must know what ‘modification ‘of in rs report of 
the Joint Committee on ‘Standard Specifications | for Reinforced Concrete,” 


must be made to 0 undertake hes he design of reinforced brick 1 masonry for con- 


_ Mr. Hansen has called attention to joint action of steel reinforcement and 


brick “masonry. ‘That the author is justified i in recommending the use of con- 
struction: formulas, or modifications of them, advanced by the oint Com- 
‘ar. mittee on Standard Specifications for Reinforced Concrete, becomes evident 


we 
Se. ater a study of test data. To justify this use, longitudinal joints, where 


: horizontal steel i is placed, must be made wide enough to embed the ‘reinforce- 


“ment completely without endangering the cohesion of the brick masonry. Ue 
Sa _ Professor “MacCarthy’ 8 tests (Table 1, Items Nos. 21 to 25) indicate that 
- @ Space of mortar between. brick and rod of one- -half the rod’s diameter would 7 
be ample for the development of full bond strength for larger rods. For 
_ smaller rods a full diameter on each side would probably be a wise precaution. tion. 


‘Stirrups: should also be. embedded throughout their full length to take, com- 


pletely, ve vertical | components of ‘diagonal al tension t through 


real ‘interest is the comparative tests made by Professor MacOarthy 
“ies — between brick masonry and concrete slabs. It is to be regretted that only — 


slab and one concrete slab were fabricated a and tested. It i is suggested 


= for future research that more comparative tests between rein- 


forced concrete ‘and ‘masonry be mado under the 


B 


tests, the brick masonry slab showed ‘more stifinecs 
than’ the concrete slab. For practically the same ultimate load of between 
10500 Ib and 11 000 Tb the | brick masonry ‘slab deflected less than two- thirds 
as much as the concrete 2 slab, = 


Attention is called to this apparently greater stiffness of brick masonry 

it. verified observations made by the writer during tests of reinforced 
: _ brick masonry beams for the Department of Buildings, City of New York, 
= the of Mr. Hansen Ttems Nos. 44 to The con- 


Received by ‘the Secretary March 29, 1933. IM st 


4 


é Soc. October, 1924, Papers and Disenssions, 


a 
— 4h 
d 
— 
= 
— 
b 
4 
it & 
— 
= 
— 
j 
— 
Zz 
= 
— 


May, 1933 SCHWARZE ‘ON REINFORCED BRICK ‘MASONRY 915 


dition under which these beams were loaded wa very unusual. Large plat- 
forms had been built to bring the Joad to the third points of the beams. © 


the platforms. — One of the officials of the Building Department remarked, 
“What these beams are getting is is live load with real impact a The —. 
much Worse for Item No. 44 than for Ttem No. 45 which may partly 


with | 4.8 times the design load i in the - — 


_ During this test the writer was impressed with the behavior of the beams — 
“in compression. _ When failure occurred in Item No. 44 (Table Db on the 7 


ompression side, it did so at a point where inferior ‘sand had been used in > 


compre 
the mortar, but with a suddenness that was startling. ‘Up to the moment of 

rupture, the beams exhibited the rigidity in compression noted previously 


sen 


= 


— “Many new and astounding facts regarding the behavice of concrete have 

come to light in recent years. 


Probably the most serious of these is ‘that « of 
plastic flow. seriously this may aff 


such as columns, is evident: from the results of experiments made at 
Lehigh University and the University « of Illinois, as reported by Cae 


e 105, on Reinforced Concrete Column Investigation, of the American Concrete 
Institute, as follows:” “If the load is sustained for some time, the stress — 


_ distribution changes very rapidly due to plastic yielding and volume of con- 
crete.” Approximately f from the time when concrete came into general use 
it became known that a “permanent set” occurred _when compression loads 
applied. The compression side a of a reinforced masonry beam is com- 
_ _ posed of from 88 to 90%, hard burned _argillaceous material throughout its 
which has no plastic flow. Only from 10 to 15% is: of ‘cementing 


material, as with 100% in conerete beam. a. Apparently, this 


Such ‘beams as Items Nos. 44 and 45 (Table failed by shattering 


brick along the top courses. Mr. Hansen’s words, “gave away suddenly in 


the ‘manner of a breaking» ‘stick, ” about describes such a failure, More 
‘ research a along this line i is needed before definite conclusions } may be reached, Ca 


appear as if the rigidity in 1 compression for such beams was 


1 and 23 in a review Tat 
PT. The author of this interesting paper makes suggestions as to possible uses 
and advantages of, this type of construction. ‘The beauty and durability 


of brick are legendary. Earliest uses, from archeological discoveries, were i" 4 
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‘the Valley of. the. 5.000 years’ that time brick 
masonry has given unbroken and faithful service to Man in nearly” all parts 
of the globe. — About a century ago, apparently, the first use of b brick masonry, 


4 
with steel as an aid, « came into being. Present- day | research has shown almost: 


. limitless possibilities for this. combination of two time- “honored materials of 

construction: As Mr: Hansen. points out, these possibilities are both “esthetic 

and utilitarian, and it is to be hoped that the present | stimulus in research 

will demonstrate both feasibility and economy in construction work for rein-— 
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‘THE PLAN C OF BOSTON, MASSACHUSE’ T 


» 
Rosert Wuirren, Eso. (by letter) this excelent paper -the author has” 
referred briefly to the Thoroughfare Plan approved | 1930 by the Boston 


Planning Board. An outline of ‘this plan i is shown as Fig. 3 in Mr. Comey’s — 
per. It is based primarily on a recognition of the need for a m a ere hl 
of the present highway system by the development of a limited mileage of | 
"express roads and parkways of generous width, ‘permitting a continuous flow 


of traffic. The widening of existing streets and the of traffic streets of 
the ordinary type have ‘not been “neglected, but these improvements, unless’ 


supplemented by homed of the -express- -road type, cannot prevent a further i i 


Rc od ust as, , about thirty-five years ago, street- surface congestion in Central 1 


{ 


* Boston forced a start in the building of | rapid subways to supplement the 


street surface car lines, so in this day the congestion produced by the auto- 


‘mobile i is certain to force the supplementing of the ordinary street system by 


i A central feature of the Thorpughfare Plan is a great north- south road = 
‘extending from the ‘northerly, ‘city line bordering Revere, to the southerly 
Ser line at Readville, a distance of 13.7 miles. It will connect the State 


. Highway System serving Revere, Lynn, Salem, Beverly, and other North 


Shore. cities and towns with the State Highway System serving ‘Seoughitce, — 
_ Taunton, Fall River, New Bedford, and neighboring towns on the south 
It will also connect with a proposed new highway to Providence, R. I. ae tod 


An important feature of the proposed Central Artery and its” southerly 
extension by way of the Blue Hills Radial, will be an upper-level roadway or 


amy 


- ing of the City Planning Division, Boston, Mass., October 10, 1 29, and published in March 

1933, Proceedings. This discussion is printed’ in Proceedings in order that the views: 

expressed may be brought before all members: for further discussion. = 
_*Planning Consultant, and Consultant, Boston _(Mass.)— Planning ‘Board, New York, 


' Notr.—The aper by Arthur C. Comey, M. Am. Soc. C. E. was presented at the meet 
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_ “Received by the Secretary April 26,1938, 


extending from the North Station at Nashua Street, Boston, tot the 


80 ‘miles per - hour, It will by- -pass the chief centers of congestion and will 


approximatety~ 40% the: vehicles that are 


‘ways in the propdded Thoroughfare Plan is ‘that: they should in so 
as it is economically feasible, for a free and continuous movement of traffic. 
‘This requires that roadway levels be separated | at the more important inter- 
sections. | On the arg Central Artery there will be a central viaduct 
allo cross- »ss-streets. On the proposed parkways, provision is made for over- 
or -under- passes at all important intersections. For the Blue Hills 
Radial, the Roxbury Crosstown, and other major routes, a type of broad 
road is recommended. the locations selected this type of 


- road is believed to be the most economical and efficient means of providing 


the required traffic capacity, due consideration being g given to the importance — 

The problem presented is both that of providing relief for existing con- 
f gestion and of providing traffic « capacity. for ‘approximately | 60% more vehicles 
than now use the city’s streets. One way to meet this problem. would 

to widen a large ‘number of existing streets from their present widths of 
i 50 or 60 ft to 80 or 100 ft. _ Such wholesale widenings would be enormously 
expensive and would not remove the chief source, of congestion and delay 
which results from crossings at. grade. ‘Under the conditions disclosed as. 
the result of a careful anaylsis of the Boston traffic problem the construction 
‘ae of a few broad express roads seemed to be the only logical and practical wall . 
al street system should not be designed to promote. either centralization ee 4 
It. should. be designed to promote safety, comfort, 
_ speed of ‘movement, between all parts of the. community. . This will result in 
* best and most economical and orderly organization of the social and busi- 
‘ness life of the community. It will, promote centralization where 
centralization is justified and decentralization where is consistent with 


best organization for the community, as a whole. vba ‘gis 
% 


is to the main center that. it should be connected with all. parts of 


Te It is sometimes said that it is useless to increase street capacities in 


central area’, any ‘additional capacity provided will be taxed immediately. 
to the saturation point. This. assumption may be valid in certain situations 


Net as applied to local business streets, but has n no ‘validity whatever a as applied to 


— 


= 
— 
— 
— i 
icles ner dav. ‘traveling an av pe speed 0 
pacity of 60 000 vehicle dav traveling at an avers 
— 
4 
— 

— 
— 
“at 
— 
= 
— 

= 
3 

‘ 
— 
— 
— 
— 
Ge 
— 
— 
ad 
ny Diajo arveLy——vO ally BU Pars VE aC 


plan. serious slowing down of the traffic movement 
community 
The serve the function “now now performed by rapid transit 
subways and elevated roads. 
transportation along the most concentrated r routes passenger ‘travel. 
- Together with the surface cars and buses, they must continue to be the main 
reliance for the daily workward and homeward travel: ‘to and Becton 
Proper. The rapid transit system should be extended as to reduce the 
rush-hour street traffic. There should ‘be rapid transit routes and facilities to 


all trips that normally ean be 1 more quickly, conveniently, an 


- economically, in that way; and there | should be express roads s and parkways — 
_ to accommodate all trips that normally can be made best by the use of the 


The street system of the city should be aday to the of 
motor age. The art of street design and construction has lagged far behind 
“24 the art of vehicle design and construction. As 3 a result, the citizens and busi- 
ness men of Metropolitan Boston are being denied the full ner of one 
of the most marvelous developments of the age, the motor vehicle. on ule 
Industrial and commercial growth throughout ‘Metropolitan: 
dependent, among other things, on the development of a complete system of 
adequate and convenient traffic routes. The greatest potential advantage of - 7 
factory | location in any great metropolitan center is due to the large home 
within: easy trucking distance. This is one of the chief factors in 


the continued growth of these great centers. Business growth and prosperity, - 


turn, are dependent on industrial growth. Convenient access between all 
parts of the Boston Metropolitan Area by truck: and automobile is a prime 
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DAMS ERVIOUS GLACIAL 


Messrs, CHARLES W. SHERMAN, AND F. B. MARSH 

Ww. M. Am. Soc. OC. E. (by letter).™ —The statement 

under “ “Design ‘and Settlement of Embankments” that, for an embankment of : 
a pervious sand, the plane of saturation generally ‘ ‘remains below a 1 on 5 7 
slope from head- water to tail-water,’ > provides a convenient approximation, 7 
but does not go far enough to be of particular significance. Referring to this: 
slope as as a “percolation : - factor,” ” Mr. Burd states that “finer materials require 
higher factors,” that is, flatter ; slopes of the surface of saturation. _ .. Obviously, 
this i is incorrect unless drainage is not provided in the down-stream part of : 
the embankment; and obviously, too, the. slope is is a function of the quantity 
of water percolating through the embankment as well as the porosity of the 
‘earth of which it is built, not to mention the tightness of the cut- off wall. * If 
an absolutely water-tight membrane were provided at the up- -stream face, 
no water could penetrate the embankment; the percolation factor (as ‘used by 
- the author) would be zero at t the membrane and infinity for the remainder 


_ Four typical ¢ cases from the writer’ 8 experience show the following inclina- 


on 5 for a dam built of medium sand me the same material, with a reason- = 
good | cut- off; 1 on 2. 6 for a dam of dense hardpan, 


drainage at the toe of the slope. The quantities water 
4 appreciable in the first case; noticeable but of no special significance in the | A 


second; too small to measure in the third (although the undrained toe ‘was 
of detection in the fourth case. The line of 


_. Norg.—The paper by Edward M. Burd, M. Am. Soc. C. E., was published in April, 
en Proceedings. This discussion is printed in Proceedings in order that ae 
expressed may be brought before all members for further ae 
Cons, Engr. (Metcalf & Eddy), Boston, Mass. 
* Received by the Secretary April 19, — 
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"MARSH ON HIGH DAMS ON PERVIOUS GLACIAL DRI DRIFT ~—_ 


» ‘iT hese comments do not in any way reflect upon the interest and value of -_ 


_ 


+ the paper in so far as it relates to the practicability of building a high and | 


“ reasonably tight dam upon pervious foundations, hare 
B. Marsu,’ M. Am. Soc. C. E. (by letter experienced hands there 


is no reason why structures like those described ‘should | not be both feasible 


‘ 
< 


were being carried down to rock. Safety primarily on the adequacy 
of the drainage system and its peewee effectiveness under all parts of the 
down- stream toe, whatever the variations in foundation conditions. 
the last few pages of ¢ a paper” ‘the Scituate Dam of the 
Providence, Tee water system, the writer suggested the virtues of locating 
| the cut- off at the up- -stream toe. 7 Time and money can be saved, by using 
g steel sheeting for the cut- off, rather than trying to make it completely ‘water- ; 


tight, a as 8 long | as = ample ‘provision is is s made i in ‘the down-s ‘stream toe for draining 


t ment and being already classed by some as a heretic, the writer had not dared 
suggest that there might be locations where such a design was feasible even 


if the rock ck was too deep to be reached by | the cut- off. Now, 
been demonstrated. is is progress. 
There are many shades of conservatism. there are those 


"who still b hesitate to rely | on a line of steel sheeting for a cut-off under an a 


important dam, | even where the sheeting can be driven to rock. For the co con- : 
- sideration of such ‘persons: the writer would like to suggest a double line of © 
steel sheeting, , say, 20 ft apart, starting either from the original surface, or 
from the bottom of an ‘open trench of any convenient depth. By providing 


sump t between - the two lines of sheeting, it would then be possible to gril oo 


the water in this: area area and, by measuring the pumpage, obtain an 
‘approximate idea of the tightness of the sheeting. - Grout pipes could then | be 
put down outside both lines of sheeting, and continued ‘pumping would tend 
to draw the grout through the points where the sheeting was not tight t to the 
‘rock. . The amount of pumpage should give a fairly direct n ‘measure of the > 
effectiveness of the grouting, which could be repeated a s often as necessary. 7 
In a long structure, such a cut-off could be left with provision for several - 
_ ¢ross- -lines of sheeting, ¥ which could be driven later to divide it into ‘bays to be 
‘There are many locations where cut-offs of steel sheeting are imprac- 
ticable, because of the presence of boulders or large beds of coarse gravel. 
Where conditions | are favorable to driving steel sheeting it certainly offers. 
economies: in cost of construction. . If any considerable depth is to o be pene- 


trated, th 1 ill 
the steel section will have to be heavy to withstand the driving « opera- coe 


- tions. - With a si substantial steel section there seems no question as to the a 
"permanence of the cut-off. , Even if ultimately, the steel should rust through = 7 
entirely, the rust would occupy § a greater space than the original steel and be 

would still be | effective as a cut-off. 


With Board of Water Supply, New York, N. Y. 
Received by the Secretary April 26, 1933. 
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The Constitution provides that the Board of Direction shall | elect or reject 
all: applicants for Admission or for Transfer, and, in order to determine justly 
the eligibility of each candidate, the re. depend largely upon the a 
-- This list is issued to n members i in every grade for the purpose of securing 
all such available information, and every member is urged to scan carefully 
q each monthly list of ainaidieles and to furnish the Board with data in regard 
“to any applicant which may aid in determining his eligibility. It i is the Duty 
of all M embers to ) the Profession to assist the Board i in this manner, n 


a It is especially urged, in communications concerning applicants, that a 


Definite Recommendation as to the Proper Grading in Each Case be given, aes 
inasmuch as the grading must be based upon the « opinions of those who know 
the applicant personally, as well as upon the ‘nature and extent of his pro- an 


- fessional ¢ experience. If facts exist derogatory to the personal character or 
to the professional reputation of an applicant, they should be promptly com- = 


Tet. 


municated to the Board. to Applicants are con- 


sidered by the Board as 


ications herein con-— 


from of North ‘until the of thir rty (30) 


days, and from non- residents of until the ‘expiration of 


_ General R uirement ge |_, Length of 


wo 


Quaid to design as well as | S years of im- 
_ direct important work ig work 


Pe, Qualified to direct work 27 years* 4 yer 


ments or practical experience years 12 years* 
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Affiliate 5 years of im- 4 

portant work = 

‘i 
Graduation from a school of engineering of recognized reputation is equivalent to 4 years of active — ite —- ae 
zy t Membership ceases at age of 33 unless transferred tohigher grade, iti‘ ‘Cs; “a a — 


The fact that give names ‘certain members as references 
not necessarily mean that such members endorse. 


ALDRICH, EUGENE | VOLNEY, Dos i Eng., Univ. of Detroit. Refers to 2 ¢ 
Cabezos, "Ariz. (Age 26.) Jun, Highway r, Brown, J. H. Cissel, E. L. Erikeen, G. 
Be: §. Bureau of Public Roads. Springer, R. B. Wiley. 


Executive Member and Chf. Engr.. North | 
ANGELL, LESTER WILLIAM, Three Mile China River Comm. Member, Hai Ho In- 
Bay, N. Y. (Age 26.) "Refers to C. C. _ provement Comm., — Lecturer, . Pe i Yang 
Cassel, W. J. Farrisee, R. F. Hall, H. Ww. _ ete. Refers to N. D. Baker, T. Y. 
Preston, F. C. Wilson. Chen, P. Hsueh, J. H. Lance, S. T. Li, 
BHOLE, SHANKER JAIRAM, Dover, N. J. oH. H. Ling, H. N. Ogden, A. Potter, P. L. 
(Age 36.) Refers to F. Auryansen, Wo lip 
Coote, BR. G. Hooper, Johannesson, C. ‘LIGGETT, ALBERT PARKER, ‘Chicago, Til. 
Schwarze, J. F. Williamson. = (Age 23.) Refers to E. Boyce, G. W. Brad- 
BLISS, JOHN HARVEY, Santa Fe. N. Mex. shaw, J. 0. Jones, W. C. deNowe, HA 
(Age 29.) Engr., State Engr.’s Office. Re- ice, FLA. Russell, 
to EB. L. Barrows, F. P. Goeder, B. McLEOD, DONALD. EDWARD, New York 
Johnson, G. M. Neel, R. “Parshall, Cc. City. (Age 24.) Refers 
Rohwer, W. H. W. Yeo. Perry, E. H. Rockwell. 
BRYAN, LESTER LEON, Washington, D.C. MILLS, BRUCE HOPF, Fillmore, Cal. (Age 
(Age 87.) Hydr. Engr., U. Geological 87.) Civ. Engr., Rancho Sespe. Refers to 
Survey. to G. C. Baldwin, L. W. Dennis, V. M. Freeman, G. B. Hey- 
Crandall, C. Grover, ‘a. Hoyt, B. BE. wood, A. B. Pierce, F. Thomas. 
C. G.’Paulsen, H. Stabler, "Miss. (A With, Mississi 
CALDWELL, LESLIE CHARLES, New 485,76), With, 
York City. (Age 29.) Refers to J. L. 


Bogart, G. W. Fuller, W. H. Halsey, R. H. Wiser Ne 
Randall, R. Smith, H. S. Van Scoyoce. ‘ 
(CUTCHIN, BRAXTON MURRAY, Jr, SMITH, W SHERMAN, Toledo, Ohio. (Age 


- 4h) Asst. Prof. of ‘Civ. “Eng., ‘Univ. of 
Fredericksburg, Va. _ (Age 22.) Timekeeper, 
Virginia Dept. of Highways. Refers Refers to G. Champe, W. 8. Dix, 


ELLIS, ALBERT RALPH, Pittsburgh, Pa. gTOREY, ARTHUR LIPSCOMB, Houston, 


(Age 52). Director and Vice-Pres., Pit tts- Tex. Age 23. Chainman, United Gas 
purgh Testing Laborator Refers to J. W. Public (Age, 2 Refers to J. S. Broyles, 


Cowper, C. S, Davis, G. Diehl, S. i L. MeN 


Ogden, C. Riegel, ALEXANDER GEORGE, Serres, 
‘Whitman. "(Age 27.) Asst. Supt. with John 


Monks & Sons—Ulen & Co., New York 
_ ETTINGER, LOUIS JOSEPH, Jr., Skan- and Lebanon, Ind., Contrs. of Greck Govt. 


 eateles, N.'¥. (Age 26.) With Onondaga Refers to A. B. Christensen. R. W. Gaus 
County Highway Dept. Refers to G. A. mann, R. Keays, T. S. Shepperd, P. D. 
Helmstetter, L. Mitchell, S. D. Sarason. 
GONZALEZ MANUEL FRANCIS, Pensacola, ow HEELER, JOHN W: 
Fila. (Age 24.) Refers to R. Banner- ‘Ind. (Age 39.) Member, Indiana State 
man, C. Phillips, J. E. Soule, L. B. -Highway Comm. Refers to W. P. Christie, 
tom, W.E. Wheat. CYS Clarke, Collins, W. P. Cotting- 
GUTHRIE, MARION CULBERTSON, Wal- ham, W. K. Hatt, W. A. Knapp, R. B 
ton, Kans. (Age 26.) Refers to G. W. Wiley. | 


_ Bradshaw, J. O. Jones, W. C. McNown, WHITE, GEORGE CLIFFORD, Pasadena, 

Rice, A. Russell. R, Detroit, (Age 23.) Refers to J. C. L. Fish. 

THOMAS COOPER, Detroit, BE. L. Grant, Moser, L. B. B. Reynolds, 
Mich. 27.) ~ Instructor, Dent. of Civ. B. Wells. 


FoR: TRANSFER. 


FROM TI THE GRADE OF ASSOCIATE 
, GEORGE ERIC, Assoc. M, C. ‘Goodman, 

ssoc. arc ge 
Asst. Engr. of Design, Div. of Eng., Dept. BOLTON, 
of Sanitation, New York City. _ Refers to Charlotte, N (Elected Junior May 2% 
= C. Covert, W. Donaldson, H. P. Eddy - 1923; Assoc. M. Dec. 15, 1924.) (Age a 
3. J. Fort, G. W. Fuller, R. H. Gould, Hy, Designer 
Lap ons. Engr efers to 
ra! Kimball, H D. Mendenhall, M. Pirnie,.P. L. “§. Drane, A. C. Lee, W. S. Lee, J. N 


ase, R. P aebler. 
BRALOFF, HERMAN MATTHEW, “Aséoc. Pease, 


Brooklyn, N.  (Blected July 12, O’REILLY, ANTHONY RAUEN, Assoc. 
(Age 35.) Vice-Pres. part Reading. Pa. (Elected Junior Dec. 6, 


owner, Brader Constr. Corporation. New Assoc. M. Nov. 14, 1927.) (Age 85.) Ch 
icc City. - Refers to J. Feld, I. L. ee Engr., en of Water. Refers to G. 
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Moses, A. L. Reeder, W. L. Stevenson California, Los Angeles, — 
Cal. Refers to A. F. Bligl geles, 
PANHORST, J. Hinds, W. E. Je ght, H. W. Dennis, 
ge 40.) Acting Bridge Engr WILSON, WILLIAM MUNSEY, . 
} Cal. (Elected April 95. 195 Giesecks, F. C. Heins, C. n, F. 
«FROM THE GRADE OF JUNIOR 
JOHN AUSTIN, Jun., Scran- to 0. W. Crov 
Pa. (Blected Noy., 12 0. W. Crowley, W. HB. J RK 
d- sland, Pittsburgh, Pa. Refers to evilie F. R. White, S. M. Woodward. ag — 
rk CARLSON, ROY WASHINGT 1924.) (Age 33.) (Elected Oct. 21, 
Berkeley,’ Cal (Blect Jun. C. Mugler & Co., In and Mgr., Richard 
fige 35) Research ingr.. Univ. of Cali. Ine. and 
as — Re earch Engr., Univ. of Cali- to W gler Co., Inc., Bronx, N. Y. Refers er 
efers to W. J. Barn : ers 
Hill, F. A. Noetzli, B W. Steel y RUMBLE 
HANNIGAN, E ele. , GEORGE BERTYL, Jun., | 
rg. 1982.) (Age 28 rance. (Elected March 28, Friel ‘Asst. Engr. with Albright 
ers t nite . de S. F I Hreeburn, 
ge MCCULLOUGH, JAY WHEELOCK, Jun “China.” (Blected June z un... Soochow, Ku, 
ix, gr. Refers to H. 8 y. Refers to BE. EB. King, 
ail Cc. L. Eckel, W. B. Free Ling. (Applies in accordance ng, H. H. 
unk, S. O. H man, N. W. rdance with Sec. 1 
, S. O. Harper, M. C. Hinderli - 1, of the By-Laws). 
0. Reedy, C. Hinderlidet, WAGENER, FREDE — 
on, ankland, W. R. Weber.’ a,R.G. (Hlected June 26, 1031) iii 
“pa ec. 14, 1925.) 29.) ey. Refers to E. D. 1] 
Designer 5.) (Age 32.) 4 rs_to E. D. Burch 
vt The Board of Direction will consider the applicati =a 
than thirty days after pplucations in this list not less 
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